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ABSTRACT

VariouslbtudiesbuggestlthatlbxidativellnodificationsbfllowlHensityllipoprotein{ LDL),thnd
alsollother(llipoproteins,[havellnlimportantlrolellinftheldevelopmentlofllatherosclerosis.lin
additionlkolkhelbxidationOproductsfformedlendogenously,bxidisedlkriacylglycerolsl TAG)
andloxysterolslinltheldietlcontributeltolthelloxidisedllipoproteinsfoundlinlcirculation.
However,btudies[bn[bothlthelbffectlbflbxidisedHietarylipidsbnlipoproteinlipidlbxidation
andlthelleactionslthatlinodifylbxidisedfatlhfterlingestionhavelbeenlkcarce.[Studieslbnlthe
effectsibfietarylhntioxidantsibnlthelipidbxidation inlivolhndlkhelkiskbilhtherosclerosis
havelbeenlinconclusive.Moreltlinicalltrialsthrefheededtoltestlthelimportancelbfllipoprotein

oxidationbhsthltardiovasculartiskdactornthumans.

Inltheltecentlears,Brarioustinethodsthavelbeenlbptimisedhndlhppliedtolthelhnalysislbfllipid
oxidationlproducts inlivo,hinddnformationlbnlthellmolecularlbtructurestbflbxidisedlipidslin
plasma,0lipoproteinsandlatheroscleroticl plaqueslhasUstartedl tolaccumulate.lHowever,
specificlstructuresloflloxidised0TAGOmoleculespresentlinltheseltissueslandllipoprotein
fractionshavelnotlbeenlinvestigatedearlier.0InthelorginallresearchlinlthisOthesis,lan
approachlbasedlonlhighlperformancelliquidfchromatographylklectrosprayllionisationlinass
spectrometry[l HPLCIESIIMS)hnd[baseline[Hieneltonjugation[(BDC)InethodsBwvashisedlin
orderftolinvestigatellipid[bxidationlevellhnd[bxidised I AGmolecularfbtructuresinlpiglhnd

humanllipoproteinslhfter[Hietarylinterventions.

Thelhpproachlvas[bptimisedlvithlhuman DL kamples,BvhichltontainedBrariouslbxidation
productslbfTAG.[ILDL[particles[btthyperlipidaemicllubjectstontainednltlevatedhmountlbf
conjugated[tienes.Onlthelpiglktudies,[keveralbxidisedIT AGktructuresfwiththydroxy,keto,
epoxylorllaldehydicOgroupslwerelfoundlinlchylomicronsand0VILDLOafter(dietsOrichlin
sunflowerlkeedbil.[Also,the[resultskhowedthatlbxidisedsunflowerlkeedbillincreasedthe
oxidationlofllipoproteinflipidsfandOtheirITAGOmolecules. 0T AGhydroperoxideslcouldbe
detectedbheitherlinlthelbmalllintestinalmucosalbflthelpigslfedbnlthelbxidisedbillhorlinltheir
chylomicronslbrVLDL.



Inltheltlinicallktudies,Hietaryflavonollhglyconeslkxtractedfromlkealbuckthornlberriestid
notlhavellanleffectlon0lipoproteinllipidldoxidationdandlotherlpotentiallriskOfactorsOof
atherosclerosis,Obutltheirllabsorptionliwasldemonstrated.lOillsupplementationlseemedlto
increaselthelbioavailability[bfltheltlavonols. Oxidisedl AGImoleculesOwverelHetecteddnd DL
particles[bflthel$ubjectslhfterlbothllavonollinditontrolltliets.



ABBREVIATIONS

ACN:DB
ALD
AUC
apoB
BDC
Cl
DEAE
DNPH
El
ELSD
ESI
GC
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HDL
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HPLC
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IOINTRODUCTION

Severallstudiessuggestlthatloxidiseddlowldensityllipoprotein(LDL)0particleslhavelan
importantlrole[linlithelldevelopmentlofflatherosclerosisll(1-4).0Basedonlthellresultslivarious
researchlbroupsthavelbbtained[HuringlthellastR00ears, [bxidised[thylomicrons/chylomicron
remnantsfandlverylllowldensityllipoproteinll(VLDL)0particlesmayllhavelalsimilarllrolellas
potentltontributorstolhtherogenesisl{5-8).Mostlbtudiesthaveltoncentratedlbnlthelhnalysis
offbxidised[tholesterol,lycerophospholipidhndlbroteinlpecieslfoundlinlthelburfacelayers
oflthellipoproteinlparticles.TherelhreRrerylfewltudieslbnlthelbxidisediriacylglycerol{ TAG)
species,Bvhichnaylhlsolhffectthelphysicochemicalltharacteristicslbfllipoproteins,butBvhich
arelfoundlinltheltorelbflthelparticles.Ondr AGs,[hlfattylheyllrouplslbsterifiedtolbachlbflthe
threelhydroxyllkroupsbflhlilycerollinolecule.[Likelinlklycerophospholipidsthndltholesteryl
esters,[unsaturatedlfattyllacidlresiduesliwithinlithellmoleculellarellsusceptiblelitolbothnon(
enzymaticlhndnzymaticlbxidation,Ivhichnaylbelbflphysiologicalimportance.

Effects[bf[Hietarylhntioxidantslbnlipidlbxidation inllivolhndtheltiskibflhtherosclerosisfhave
beenBvidelylbtudied,butltheltesultsthavelbftenlbeenltonfusinglhndlinconclusivel{9).[Beveral
epidemiologicall$tudies,lhowever,havelindicatedbomeltegreelbflinverseldssociationlbetween
flavonoidlintakelhind[toronarytheartltliseasel{10).0Whileltherelhas[beenlhlinajorlfocus[bnltheir
antioxidantlproperties,[flavonoidsthndltheir inllivo metaboliteslmaylhlsolkexertdmodulatory
effectslinltellslthroughlhctionsthtlproteinlkinasethndlipidlkinaselbignalling[bathways.[Bome
offtheselbffectslinaylbelhntilinflammatory[(11,02).Bomelhnimallhndthumanftudiesbuggest
thatlbealbuckthornlflavonoidslinayllowerlbloodViscositylhndlknhanceltardiacfunction{13—
18).Onlthelpresentliesearch,thelbffectslbflflavonolslextractedfrombealbuckthornl{ Hippophaé
rhamnoides(l.)[bnlthelpotentialltiskfactorslbfitardiovascularllliseaselvereltudied.

Generally [tudies[bflthelllietarylbffectsibnllipoproteinlbxidationfhtinolecularllevelthavelbeen
scarce.lAlso,Otherellarefonlyllalfewlusefullmethodslforldirectlmeasurementloflllipoprotein
oxidation inliivo19).dnlthelpresentlstudies,hlhovellhpproachlbasedbnlhighlperformance
liquidllchromatographylklectrosprayllionisationlinassl spectrometryll (HPLCIESIOMS )Jand
baselinelldienelconjugationll(BDC)methodslhasbeenlusedlinlorderltollinvestigatellipid

oxidationlnlpiglindhuman(ipoproteins[hfterltlietarylinterventions.



20 ITERATUREREVIEW

2 1IDXIDATIONHYPOTHESISIDFINTHEROSCLEROSIS

Thefharrowinglhnd[blockage[bflthelhrterieslbyhlplaquelllesion)thatltonsistsibfltholesterol,
calcium,[tlottinglproteinsthndbtherlbubstances,Us[talledhtherosclerosis.Whenlthis[process
occursllinlthelarterieslleadingdtolthelheart,0thelresultlisdcoronaryllheartldisease.0The
hypothesislthatlbxidativellnodification[bfll DLIplayslhndmportantltolelnlthelprogressionlbf
atherosclerosisthas[beenBvidelythccepted{20),hlthoughbomeltesearcherslbuggestlthatlthere
isth[possibilitylthatlbxidativelbventsthrellnerelylhnlnjuriousltesponseltolhtherogenesisbrlh
secondarylbventlrelatedfolitl{ 21). 0T helbxidationthypothesislislbupportedbylivarious inlitro
andlhnimallbtudies,hsBvelllhslbbservationallbtudiesAnlnan.[Bupporting[tlinicalltrialFesults,
usinglhntioxidantlintervention,[have[beenlnorelblusivell 22-24).0Theselinconsistentresults
maylhot[belburprisinglkince[l DLIbxidation[is[inducedbylkeverallbxidantsthnd[proceedslby
severalllmechanisms,land[thelefficacylofllantioxidantslimayldependlonlthesellfactors[(25).
However,hppropriateltlinicalltrialsthrelheeded[tolproperlyltestithedmportancelbflbxidation
inlthelpathogenesis[bflhtherosclerosisfinthumans({22).

StudieslhavelldemonstratedthatseverallcelllktypeslicanOmodifyl. DL inlvitro,lbutlthellexact
mechanisms[byllwhichltheylldolsoremainflunsettled.0ThelsiteJanddmechanismswhereby
lipoproteinsl(Tablell,0Figurelll)JareloxidisedlhavellnotUbeenfullylresolvedl(24,026).0In
addition[tolthebxidationlproductslformedlbndogenouslylbylbnzymaticlhndhonlknzymatic
reactions,[hlsoietlkontributeskolkhelbxidisedipoproteinsfoundlinlkirculation.ditkeems
thatloxidiseddietarylllipidsOarelabsorbedlifrom{thelsmallllintestinelland/orlitheyllinitiatella
cascade[bflbubsequentlteactionslthatftesultinlthelincreasedlbxidationlbflplasmallipoproteins

(26).

Oxidised[ipoproteinslhavelbeen[llidentifiedlinlhtheroscleroticllesionslinbothlhnimalsfhnd
humansll(27).00xidisedlipidsffoundlinfhumantesionslincludedmanyloflithelproductslso
generatedlduring inllvitrolloxidationdoflLDL,Osuchlasloxidisedlfattyllacidslattachedlto

glycerol/cholesterollbackbone,[bxysterolsthndlbxidationlproductsibf altocopherol.lProtein
oxidationlproductslhrelhlsolpresent,[particularlylinfinorelhdvancedlesions[{28).
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Tablell.[Averageltompositionfhnd[tharacteristicslbflhumanlplasmallipoproteinsl{29,30).

Chylomicrons VLDL® DL’ LDL® up/
Origin Intestine Liver VLDL VILDL Liver/intestine
Diameter[{nm) 750200 30080 25[B5 1825 502
Densityl{g/mL) <0.96 0.96[01.006 1.0060.019 1.019001.063 1.06301.210
Composition
(weight%)
Triacylglycerols® 88 56 29 13 15
Cholesterolltsters® 3 15 34 48 30
Free[Cholesterol” 1 8 9 10 10
Phospholipids” 8 20 26 28 45
Protein 1 6010 11 21 45[b5
Apolipoproteins B8 MO, AOV.D BOOO,CL[C2,0 BOOOILCLIC2, BOO Al E
CLIC2,[C3[E C3,[E C3[E
‘corellipids
Psurfacellipids

‘veryllowltlensitylipoprotein
‘intermediatelensitylipoprotein
Towldensityllipoprotein
'highMlensityllipoprotein

2.11[0xidisedd DLEAndkheldevelopmentlbflhtheroscleroticlplaques

Atherosclerosisllisfhldiseaselthatldevelopsklowlyloverldecades.OKeylkvents[inlearlyllesion

developmentlhrelthelhccumulation[bffplasmallipoproteinsinlthentimal{thelinnermostllayer

oflallblood0vessel),lincreasedlexpressionlofladhesionllmolecules,Handdthelmigrationof

monocytesl intol] thell intima.ll Monocytesl arell transformedl intoll macrophagesll and they

accumulatellargelldepositsloflllipoproteinerivedlicholesterol. UThellaccumulationlofllipids
leadsltolthelformation[bflwollenlnacrophages,boltalledfoamltells” Bvhichlhrelthelhallmark
ofléarlylhtheroscleroticllesionsl{28).[Atheroscleroticlesions[tan(beltlassifiedlhsnitialllesions
(classes-1I),dattylbtreakdesions(TI-11T),[tibrolfattylesionsTV-V)hnd[tomplex/ulcerated
lesionsl(V-VI),lrepresentinglithelspectrumbofllatherosclerosis.UAlesionlthat[islpotentially

symptomlproducinglisitalledlinlhtheromal{31).
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Surface lipids
3 Free cholasterol

e Phospholipid

Priotein
(apolipoproteins, LCAT, etc)

Core lipids
<=~ Cholesteryl ester

—C% Triglycerides

Figurell. Generallipoproteinltructure. . CAT,decithin:cholesterollhcyltransferase.
ReproducedBvithlpermissionlfromDurringtonPN.[Hyperlipidaemia:[Diagnosisthnd
Management.2ndlédition.l ondon:ButterworthHeinemann;1995[{32).

According[tolthelbxidationthypothesis,[. DLUsbubjectltolbxidativelmodificationslbflthelipid
and[lproteinltomponentslbflthelparticle.Onitialnodificationbfl DI fesultsfinlnildlylbxidised
particleslithatarellnollonger(lirecognisedbylL DL receptors.0Hydroperoxidesloflicholesteryl
esters,lglycerophospholipidsand0TAGslarelfoundlinftheselparticles.0Greaterlloxidation
resultsflinfthelhccumulationofmoreladvancedloxidationOproductsllikelfree[ndlesterified
lipidhldehydes,[hndlinlthellnodificationbflhpolipoproteinBI00NapoB)[(4,[28).Receptorl
mediatedluptakelofL DL,Othelimajorlcarrierlofliplasmallicholesterol, islihormallylsuppressed
throughlthelldown[kregulationlofL DL [keceptorexpressionlinfresponseltolanlincreasing
intracellularftholesterolevel. OThelinodified M DL[barticlelislktillltakenfiplbylinacrophages,
butlrialteceptorsivhoseltxpressionlisthotltontrolledbyltholesterolloading. MTheselteceptors
includelscavengerlireceptorliICD36andscavengerlireceptorlclasslA.OThelluncontrolled 0L DL
uptakelleadsltolthelformationbflthelfoam(tells, Ovhichlhrelpresentlinlthelbarliesttletectable
lesionsl{Figure®){4,028,33).
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Smooth muscle
cells

Figurell2.0ThelatheroscleroticlprocessbasedlonltheloxidationOhypothesis.O1,0low
densityllipoproteinsl{L DL)[becomelbxidised.,[tirculatinglinonocytesthreltecruitedto
thelhrteriallintimalbylthemoattractants,lincluding[bxidised[. DL.[B,[these[lnonocytes
undergoldifferentiation,0becomingllmacrophages,dwhichlarellscavengerllcellsOthat
recogniselhndfhccumulatelbxidised. DL.H,[thellipid[ladeninacrophageslthenlbecome
foamltells,Bvhichltlusterfinderlthelbndothelialllining[tolformhbulgelintolthelhrtery.
5,thislbulgelsltalledhlfattylbtreakhindOslthelfirstibvertbign[bflhtheroscleroticlthange

2.111[Potentiallylproatherogenicléffectslbflbxidised[l. DL

Inlhdditionlcolthelpromotionoflfoamlcelllformation,loxidisedIL DLO(oxLDL)[induceslthe
expressionlbflthemotacticfactorslthatlhttractinflammatoryltellslintolthelhrterialBvall,hndfs
alsollchemotacticlbylitselfll(4,028,034).00xLDL0Oseemsltolinhibitlcholesterollexportlfrom
macrophagesl}(28).0Atlhighlevels,[thelbxidationlproductslimaylpromotelkellldeathl}(35,[B6)
andOthuslcontributelltollthelformationloflithellnecroticlcorelcharacteristiclofllanladvanced
atheroscleroticlplaque.[DxL DLIpromotes[theltxpressionlbfinatrixnetalloproteinases,Avhich
aremportantlfactorsinlplaquelinstabilitylhndltupture,[phenomenalthatlleadtoltheltlinical
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symptomslofllatherosclerosisll (37).0 Oxidationl ofl LDLOalsol increaseslitsl sensitivityll to
aggregationlindltolinodificationlbylphingomyelinase,[promotingfurtherfthellikelihoodbffits
intimallmodificationfandluptakelbylimacrophagesll(28).0A Oprolinflammatorylstatelmaylbe
stimulated[bylthe[lnodulation[bflthelkynthesis[bflhlivarietylbfltytokineslhndkrowthfactors.
AllD of0 thesell changesll mayll promotel lipidll accumulationl] and inflammation,l processes

contributing[toltheltevelopmentlbffhtherosclerosisl{4).
2.1.1.2[0Oxidantslhndlbxidationfinechanismslnvolvednd DLIbxidation

Lipoproteinslkanbeloxidisedlbyllmany[kindslofloxidants,landlbyldifferentlipathwaysland
mechanisms,[IbothlenzymaticllandInonlknzymaticl(Figurel3).0Somelof[theloxidantsOmay
originatelfrom(kellslbuchlhslinacrophages,lbndothelialltellshndlkmoothlnusclelkells.Other
oxidantsaylbeltlerivedlfrom[¢xogenouslsources,Buchlhsltliethndbmoking.[Polyunsaturated
fattylhcidslhreloftenlkhelprimarylkargetslbflbxidation,[hndlkheylhrelpresentlinfcholesteryl
esters,[ glycerophospholipidsll andll TAGs.l Thel fattyll acidsl arell initiallyll oxidisedl to
hydroperoxides.OTheselheylthydroperoxideslimaylthenlbelturtherlteactedtolk.g.thlcohols,br
theyltanllindergolC-Clbond[tleavageltoltormlkhortlchain[{3-9ltarbons)hldehydes,buchlhs
malondialdehyde,ll hexanalll andl 4lhydroxyhexanal.ll Aldehydicll productsll formedl within
esterifiedlipidsthreltalledtorelhldehydes.INonlknzymaticlperoxidation[bflhrachidoniclhcid
generatesll prostaglandinllikell compounds,ll isoprostanesl andll epoxyisoprostanes.
Epoxyisoprostaneslmayllundergol rearrangementltollisolevuglandins.0Reactivell oxidation
productslbuchlhsthldehydesthndsolevuglandinsformlhdductsBvithlhpoB,Bvhichleads[tolthe
increasedluptakeloflthelL DL Oparticlelbylinacrophages.0Cholesterollbxidation[eadskolthe
formation[bflhydroperoxyllketoMndhydroxycholesterols[{25,28,38).

Freelkadicallinediatedlipid[peroxidationlproceedslbylkhainlmechanismlwherelthelperoxyl
radicalsthetlhs[thainlbarrying[bpecies.Thellnechanismtndlproductslhrelthelbamelfegardless
offivhetherfthelbxidationdsOnitiatedbyhttackibflhydroxyltadicals [eroxynitrite [ONOO"),
tyrosylltadicallbrlbtherlradicallbpecies.dnl. DL Hinoleatelslthelnajorltattylthcid,Bvhosethonl
enzymaticll oxidationll proceedsl byll all mechanism0 thatll producesl] racemicl 9 and0 130
hydroperoxyoctadecadienoatesll (HPODEs)linlequalllamountslasl thel primaryl oxidation
products.Both Z E and E,El$tereoisomerslhrelformed[{25).

14
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Figurell3.0OxidationlofL DLOpotentiallylleadingltolatherogenesis,and0itsfinhibitionlby
antioxidants.ll Thell ovalsll representl] antioxidants.l GPx,l glutathionell peroxidase;ll LOX,
lipoxygenase;IMPO, Inyeloperoxidase;[BOD, buperoxideltlismutase;I'yr,tyrosyltadical;Jit C,
vitaminlC[{25).

Thelbnzymaticlbxidation,[bnlthelbtherlhand,ivesltegiollbtereolhndbnantiolkpecificlipid
hydroperoxides.[Asthnlbxample,[bxidation[bfllinoleicthcidAnd DLIbylkabbiteticulocyted 50
lipoxygenaselselectivelylgives13(S)DZ 11EIHPODEN(39).0150ipoxygenaseltypellland 050
lipoxygenasellpathwayslarethelprimellcandidateswithinlithelenzyme[llclasslimplicatedllin
atherosclerosis,lalthoughlseverallldetailslremaindtolbellinvestigatedll (40).0O0xidation0by
myeloperoxidasellproceedslIbyllbothlradicallandOnon(ltadicallmechanisms.0RecentOclinical
trialssupportlalroledfordmyeloperoxidasellinlatherogenesisll (41).0Myeloperoxidaselluses
hydroperoxidelJandhalidellionsltolgivelhypochlorousd(HOCI)OandOhypobromous(HOBr)
acidsfhndltyrosylltadicals,Bvhichlinaylbxidise[l DL[bylkeverallinechanisms.Ol'yrosylltadicals
promotellipidperoxidationfhndltrosslinkproteinlkyrosinelkesiduesli(25).Bkhlorotyrosine
hasfbeenlfoundtolbenarkedlylklevateddn DL Osolatedfromfhumanththeroscleroticintima
(42).0HOC0isfincreasinglylimplicatedlinOatherosclerosisl(28).01t0reactsdwithOhydrogen
peroxide,hydroperoxideslasliwelllasOthiolJandJaminolgroupsUofdproteinsftolgivellvarious
radicallkpecies.IHOClreactslwithlthelhminolsroupsthlsoltolgivelkchloramines,Owhichlmay
breakldownl tolaldehydesl (25).0 Althoughl productslofl LDLOoxidationlarel potentially
atherogenic,lbomelbflthem,buchlhslysophosphatidylcholine,InaylkiveFiseltoltompensatory
beneficialltesponses,buchlhshshnipregulationbflhntioxidantlbnzymelhctivityl{24).
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Thelbxidativellnodification[bfthpoBlmaylbelbvenlnoreimportantlthanlipidbxidation perlie
forlirecognitionlbyllscavengerlireceptors.lApoBOmaylbeloxidisedbylbothlradicallandinon(
radicalllnechanisms.OThelnodifications[bfthpoB[bylhldehydesformedbylipidberoxidation,
glycationfhndhminofhcidlbxidationfinaylplaylhnimportantltolel{25,H3).

Somelbotentiallylhtherogeniclkompoundslinaylhlsolkervelhs[hntilhtherogeniclhgents.[INitric
oxidel{NO)reactslrapidlylwithbuperoxideltolivelperoxynitrite,Bvhichlbxidisesd DLolhn
atherogeniclform.0However,INOlis[hlsolknownlkolhctlhsthlradicallkcavenginglhntioxidant
(25).0 Interestingly,l inl] somell animall studies,0 bothl overexpressionll andll deficiencyl of
lipoxygenasellhavellleddtolldecreasedlatherosclerosis,lalthoughlthellevidencelinllgeneral
supportslthelroleloflicertainlipoxygenasesllinlatherogenesisll(44).0Somellipidoxidation
products,llikelcertainleicosanoids,Imayllalsolhavelantilhtherogenicleffects,le.g.Othrough
controllbflplateletlhctivationl{45).

2.1.2[Dxidation[bflbtherllipoproteinsithanl DL

Oxidation[bfbtherllipoproteinltlasseslthanl. DLInaylhlsoltontributeltolhtherogenesis.OThe
mechanisms[thatlleadlfolthelbxidation[bfll DLthrellikelyltolhffectlbtherltlassesthsOvell.[(Fome
largeT AG[richlipoproteinlparticleslinaylbelesslikelyltolbnterlthelhrteriallvalllthan DL,
butlwhenloxidisedlarellikelyltoldeliverllalgreaterloxidantlloadtolithelarteriallwall.0Also,
accordingltoMamolhndWheelerl[{46),lthylomicronsthndltheirlfemnantslinaylhssociateQvith
arterialltissuellwithlevenlgreaterlefficiencylthanL DL.0Oxidisedlchylomicronslandltheir
remnantslseemltolbellpotentiallylatherogenicl(5-8).00xidationloflichylomicronslresults(lin
particleslthatlinaylkervelhslhkubstratelforlkcavengerlireceptorsly8). lHowever,[khylomicron
remnantslandVLDLOmayllinducelfoamlcelllformationlevenlinltheirlhativelformsl(4,047).
OxidisedlVLDLlhas[beenfdentifiednlhtheroscleroticllesionsthndinaylhavelhltontributionlto
cardiovascularftisk@vhenlplasmall AGlevelslireltlevated{4).

LipoproteinltemnantlparticleslkanbelerivedlbitherfromthylomicronslbrfromVLDLO4).

TheselparticleslbenetratelthelhrterialBvallnorelkasilylthanlVL DL, thnd[bncelthereltheylinay
undergolloxidation,0whichlmaylbellmorellikelylifltheylalreadyllcarrylldiet[terivedOlipid
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oxidationdproductsl(4,048).0Althoughlchylomicronlremnantsllseemtodbelaccumulated
efficientlylintolmacrophageslevenwithoutloxidativelmodification,0 theleffectslmaylbe
differentlbetweenlthelloxidisedland[nonlbxidisedparticles.0Therelappearsltolbelgreater
similaritylkolthe[bffectslbfbx DLIhfterbxidation[bflthelparticles,Dwhichlkuggestslthatlthe
effectslbflbxidationlproductslpredominatelinltheseltonditionsl{47).

Mostlktudieslooking[htlthelFelativelbusceptibilitylbflipoproteinstolbxidationthavefound
high[Hensityllipoproteinl HDL )tolbelinorelbusceptiblelthan DL[{44,[49).0Thellow([tontent
ofthntioxidantsinHDL [elativeltoll DL{s[believedolbxplainlthisltifference.Theltesearchlbn
LDLbxidationlinlhumanlhtheroscleroticllesionslhaslprovided[insightlintolthellnostikely
physiologiclnediators[bfllipoproteinlbxidation.dl helbxidisabilitybfHDLhndOtslpresencelin
extracellularffluidlsuggestlithatlthelimediatorslofllL DL bxidationlhrellikelyltolbelthellmost
relevantlforlstudying[thellpotentialleffectsloflloxidationlondHDLOfunction.OForlexample,
studieslbuggestthattHDLOs[eadilylbxidised inlitrolbylperoxidaseleneratedltyrosylltadical
asOwvelllhslbylperoxynitrite.dnthdditiontoltspotentiallytharmfullbffects,[bxidisedHDL inay
alsolknhancelkomellmechanisms[inducedbylhativelHDL[khatlpreventthelhccumulation(bf
cholesterollnlthelhrteryQvalll{44).

2 2[FFFECTIOFDIETIONIHELIPIDIDXIDATIONINILIPOPROTEINS

2.210xidiseddlietaryllipids

Mechanismslforll thelloxidationlofllipidsinOfooddincludellenzymaticl oxidation,U photoll
oxidation,Jautoxidationlanddthermalloxidationl (Figurel4).0Thus,0thelstoragelandthe
methods[bffood[processingplaylhfoleinlthelprocess.[DxidisedXattylhcids[tanlbelfoundlin
mostl lipidQ classesl includingll TAGs,0 glycerophospholipidsll andll sterolll esters.0 The
hydroperoxideslformedinaylhlsolbeltransformedntonoleculesbuchlhsthldehydes,hlcohols
andlketones.OTheselstructurescanlbelpresentlattachedltoltheloriginal Qlipidl(glycerollor
sterol)ll backbone,l orll asll freell molecules (50-53).0 Inl addition,0 oxysterols, egl 7bl
hydroxycholesterollandl7lketocholesterol,maylbelformedfromsterolsibylnonlknzymatic
andlbnzymaticlhhechanisms[{47).
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Figure[#. Alichemelbflpostulatedthonlbnzymaticlformationbffhon[Volatileltriacylglycerol
oxidationlproductslfrom(linoleiclhcid. IALD,[torelhldehyde.

TherellislevidencelthatObothlperoxidisedfattyllacidsl(54-57)0andloxysterolsl(58-61)lare
absorbedlinlkhylomicronsfhndlhrelteliveredkolliverlinlthylomicronlfemnants,liwherelthey
maylbellncorporatedintolbndogenousllipoproteinsl{47).[Alternatively,insteadbtlhbsorption
asllsuch,loxidisedOdietarylllipidsmayl[linitiatelJalcascadelofllsubsequentlreactions(lindsmall
intestinalllmucosalkhatlresultlinlthelincreasedloxidation[bflchylomicronllipids.OPotentially
atherogeniclbxidisedipoproteinsfhrelthusthtleastlpartially[Herivedfrom[bxidiseddipidslin
thelHiet.

InllalpostprandiallstudylinOhumanslbyOWilsonletlal.0(62),0dietaryOfatlcontainingITAG
moleculesOwithleitherOtwo "ClabeledThydroxysteariclacidOresiduesOortwo “Clabeled
dihydroxysteariclhcidlresiduesliincreasedlithelplasmalkoncentrationof *Clabeledlhydroxy
fattylacids.0ThellamountsloflitheselllabeledlhydroxylifattylacidslithatlwerelabsorbedOwere
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estimatedkolbelbnlkhelhverage[1.09%MhndH.5%,0respectively.0Thelhbsorptionlbflnaturally
occurringlhydroxylfattylhcidsOnltheltiet{ fromBvalnutlbil)Bvaslestimatedtolbelbvenlhigher,
38.7%.

InllalhumanlstudylbylStapransletlal.0(56),l0thelquantitylofloxidiseddfattylacidslfoundllin
chylomicron/chylomicronlfemnantipoproteinlfractionliwaslproportionallfolthelhmountlbf
oxidised[attylhcidslnlthelheated[tornlbildnltheltestlineall{measuredthsltonjugated[tienes).
Overlthel80h0timelperiodlitlitakestolclearlchylomicrons/chylomicronremnantslifrom[the
circulation,[therelvereltonsiderablylhigherllevels[bflbxidisedfattylhcidsnthelthylomicrons
oflthelbubjectslthatBverelfedthelbxidisedlinealltomparedtolthoselthatBverelfedtheltontrol
meal.[ThereOwastholincreaselinlthelbxidation[bflbtherlipoproteins.Onthktudylinadelbnltats
(55),lntragastricallylhdminsteredbxidisedlinoleiclhcidlvaslkhown[tolbelHeliveredtoliver
viallchylomicrons.OAfter[lthis,[theloxidisedifattyllacidOwaslshown[tobellincorporatedlinto
VLDLipidsl(testedinlalratliverlperfusion).0Also,lin0alstudyllmadelonrabbitsl(63),0the
amount[bfltonjugatedtlienes,thnndicatorlbflipidlbxidation,Uncreasedn blimigratinglVILDL

(bIVLDL)[hfterfh[Hiet[kontaining[bxidisedtorn[tomparedtoltontrolHiet. OTheltabbitlnodel
has,however,[beenlkriticisedlinlthatlit[failsltolimimicthumanlipoproteinlinetabolism.Onlh
studylimadelon(ratsObylGarridodPolonioletlal.0(64),0aldietdcontaininglithermallyloxidised
sunflowerlbeedbilincreasedthelbxidationlbfliver,berum,WLDL, I DLIndIHDL heasuredls
thiobarbituriclhcidlieactivelbubstances{ TBARS)[htltheléndbfhitlietlperiodbfR7[Hays.

When alkpoxylcholesterollwaslfedldtodhumanlsubjects,0thellcompounddwaslfoundlin
chylomicrons/chylomicronlfemnantsthndhlsolin@VLDL [l DLhndHDL [hndlFemainednlthe
circulationlfor2[h[{60).Onlhnotherltudyl{59),FabbitsBverelfedBvithlbxidised[tholesterollbr
nonfbxidisedlcholesterol.0Oxysterolsin0T AGkichllipoproteinlfractionJandremnant/LDL
lipoproteinlfractionllseemed tol bellmorellabundantlinl thellanimalsUfedd withO oxidised
cholesterol,Ualthoughltheyllwerellalsolfoundlinlthelsampleslofdlthelgrouplfediwithlnonl
oxidised[tholesterol.dnlrabbitthortas,lhdding[bxidised[tholesteroll{ 65)brlbxidisedkornlbil
(63)0coldietlincreasedlfattyllstreaklformationlcompareddwithldietsOwithOnonlbxidised

cholesterollbrfhonlbxidisedltornlbil [tespectively.
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2.2 2Djietarylhntioxidants

Thelpresumablelfequirementlbflbxidativelinodification[bfll DL[precedinglipidthccumulation
andfoam[telllformationthasledolthelhypothesislthatlhntioxidantslinaylhavelhlpreventive
effectlnlhtherosclerosis.Onlparticular,Bitamin(E, hllipophilicltadical kcavenginglhntioxidant,
haslbeenllthelkubjectlofmanylktudies,discussion,lreviewslhnddebatesll(25).0Thelpossible
antiatherogeniclbffectlbfliitamin[C [hthydrophiliclradicallbcavenger,Usthlsonteresting{ 66).
Manylkpidemiologicallbtudiesthavedndicatedthat[tietsFichnlhaturallhntioxidantsinaylbe
beneficialinlthelprevention[bfltardiovascularlHisease,lhnd inllitrolktudieslbupportlthisliview

(21,47).However,lbomelhnimallbxperimentsthndrecentllargelkcalelHietarylbupplementation

clinicalltrialsQvith blkarotenelind¥itamin(Elhavellailedfolshowl[bignificantlprotectivelbffects
(67,[68). Supplementationfvithitamin[ClHoesthotlbeemtolprovidelhlfenerallbenefit [bither,
butllitlimaylbelbeneficiallkolkertainlsubpopulationsoflpatients.lCombinationloflvitamin[IE

withlbtherfntioxidantsltloesthotlseemltoltonsistentlyltonveyltardiovascularlbenefit[{21).

Theléffectsbfltlietaryflavonoidslbnlbiomarkersbflbxidativelbtressthndltardiovascularltlisease
riskfactorsinfhumansfhavelhotlbeenBwvelllbtudied,hndltheltesultslhrelbtillinconclusivell9).
AsOvithlbtherfhntioxidants,[theltloselmaylhavelhnajorlffectlbnlthelhntioxidantpotentiallbf
flavonoidsll(69).0Mostlprospectivellcohortlstudieslhavellindicatedsomelldegreelofflinverse
association[betweenlflavonoidlntakelhnd[toronarylheart[tiseasel{10).Onlkeveral inlitrothnd
exBivolktudiesl{70-77),butlhotlnhll 69,7 8,79),uercetinll(allmajortietarylflavonol),lits
glycosideslandlitsl biologicalll conjugates havell decreased thell susceptibilityll of l LDLOto
oxidation. Additivell andl synergisticl effectsl withl otherl] phenolicl compoundsl orllother
antioxidantslbnlthelprevention[bfll DLIbxidationlhavelbeenteportedl{75,[80-82).M heltesults
oftbtudiesbyHayek(btlhl.[{83)hndEnkhmaaltlhl.[[84 ) buggestlthatHietaryltonsumptionlby
apolipoprotein[Elteficientmicelbflfjuercetin,bribyl DLIeceptoreficientnicelbflijuercetinl
3[{60malonylglucoside),lleadsltolattenuationlinlthelldevelopmentloflithelatherosclerotic
lesions,JandlthatlthisOeffectlisOassociateddwithOreducedOsusceptibilitylofltheirlL DLOto
oxidation.OInlanotherstudyll(85),0aorticOfattylstreaklareallwaslsignificantlylreducedlin
hypercholesterolaemicllhamsterslreceivingliquercetinllatlnutritionalOdoses,lsuggestinglthat

quercetinfmightlpreventltheltlevelopmentlbffhtherosclerosis.
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Infhealthylhumans,[tonsumption[bflflavonoids[(mostlylfuercetinlklycosides)inltheformlbf
onionslthnd[blacklteallidhotlhppearltothavelhnlbffectlbnlF;lisoprostanesthndhutoantibodies
tolloxidizeddLDLO(86),0andlthusldiddnotlseemOtolinhibitOlipidOperoxidation. JHowever,
supplementationfiwithllyophilisedlgrapellpowderllcontainingllvariouslflavonolsllandlother
polyphenolicllcompoundslsignificantlyllreducedwholelbodyloxidativelstressllinlwomenlas
measuredbyllirinarylF>lisoprostanesl{87).0rhellevelsbflplasmaltumorthecrosisltactorlhlpha,
whichlplayslalmajorlrolelinlthelinflammationlprocess,0werelalsoldecreased.0 Through
alterationsfinllipoproteinlnetabolism,[bxidativelbtressthndinflammatorylinarkers,[thefintake
offlyophilisedlgrapelpowderl$eemedtolbeneficiallylhffectibomeltiskfactorslorltoronarytheart

disease.

Thelinconsistentliesults[bnlthelkffectsbflhntioxidants,thsbwelllhs[komelktudiesbuggesting
dissociationllofllatherosclerosislland0lipoproteinllipiddoxidationl(21,088),0havelcastlsome
doubtslbnlthelbxidationlhypothesis.Otlsthoteworthy,lhowever,thattherelbeemsltolbelhlack
offlevidencellforllalideficiencyloflivitamin[Elin0humans,JandlthereforelmajorQeffectslofthe
antioxidantlmightnotObelexpectedl(21).0Also,0alparticularfantioxidantOmaylbeleffective
againstlbomelbxidantsthnd[bxidationlinechanisms,butthotforlbthers.[Forlkxample,vitamin
E,OthellmajorantioxidantlindL DL Oparticles,OhasOalpotentdantioxidantleffectlagainstlfreell
radicalllnediatedloxidation,ObutlisOnotlcapablelofllinhibitinglloxidationdbylnon[kradical
mechanisms,[buchlhsHirectlbxidationlbylipoxygenase,[HOCL [beroxynitritehndlhldehydes.
Itldoeslnotlseemltolbelefficientllagainstlityrosyllradicallinitiatedloxidativelcrossllinking,
either.0VitaminlEDfailsOtolinhibitOmyeloperoxidaselpathways inllvitro.Oltlisdimportantlto
evaluatelhntioxidantlpotencylinltelationtoltheltypelbflbxidantsthndinechanisms[{24,25,}#1).

AlbtudylbyMilnelbtthl. [[89)buggestslthatlbnelteasonforlthelineffectivenesslbfiitaminElbn
thelprevention(bfththerosclerosisinaylbelbecauselitimaythotlbtfectivelylinhibitlburfacelipid
oxidation[bflthe[l DL[particle.[Also,[itthaslbeenlbuggestedthat[Hietarythaturallhntioxidants
maylbelleffectivelonlyllinOselectedlsubgroupsloflipatientsllikelithoseDhavingllhighlevelslof
oxidativellstress (90).0TherellisOlittlelevidencelofloverallldepletionloflvitaminJEOwithin
atheroscleroticlesions,[Hespitelthelpresencelbflbubstantiallhmounts[bflhdvancedbxidation

products,lhndlthisnaylbelnterpretedhsindicating[thatlperoxidationproceedslinlVivo inlthe
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presencelbflvitamin[E.tOnaylbelpossible,[however,[thatlin[hesionltherelbxistslkegions[bf
relativelritamin(EldepletionAvherelinostlbxidationltouldtakelplacel{4).

Moorelktlhl.0(91,02)ktudiedkhelkffectsbflichylomicronliemnantikelparticleslkcontaining
lycopenelorllprobucoll (alphenoliclantioxidantldrug)Jon0lipiddaccumulationdin0 THPL
macrophages.[Theltesultslbhowed[thatlthelfemnantlparticlesBverelprotectedromlbxidation,
butlsurprisinglylllipidlaccumulationllinthellcellslwaslenhanced.OInlcontrast,linOstudies(lin
whichlvitamin[EdorOprobucollwerellcontainedlindmodifiedLDL,Imacrophagelfoamlcell
formationlhasbeen(llreportedltolbelsuppressed(93,094).0ltlcanlbellhypothesisedlthatlthe
potentiallbeneficialleffectslofldietaryllantioxidantsdmaylbellcompromisedl whenlblood
chylomicronlfemnantlevelslhreltaised,thndthisOnightlprovidelhlpartbflthelbxplanationfor
thelffailurelltolldemonstratelantilhtherogenicleffectslofldietaryllantioxidantsllinllargelscale

interventionBtudies{47,[68).

Another[llpotentiallloxidantleadingtodlipoproteinlimodificationllis alfocopheroxyllradical,
whichfsformed[bylthelbxidation[bflthelhntioxidant altocopherol,[thelinostitommonlformlbf
vitamin[E.OWhen[L DL [particleslencounterlimildDoxidantslorliradicalsOwithlow[frequency,
tocopheroxylltadicallnaylbtartltolvorkhslhperoxidationlthainlkarryingltadicallbpecies[{21).
Thisltaiseslthelpointlthatfhltolhntioxidantnaylbeltequireditolpreventlitamin[Efrom[being
convertedfromnthntilltolhlprolbxidantinolecule inlVivol{44,05).INikilbtlhl.[{96)hrguelthat
alkocopherolldoesnotlactlasOprolbxidantllinlplasma,dbecausellvitaminlClreduces(ithe al
tocopheroxylltadicalstrapidly inlivo.INikil{25)[hlsolljuestionstheltapability[bflitamin[Clto
actlhsfhiprolbxidant inlivo.

2 3[LIPIDIDXIDATIONPRODUCTSONITHEGASTROINTESTINALOTRACT

[tshotOvelllknownlnOvhatlHegreelHifferentltypesbfllipidlbxidationproductsburvivelfrom
mouthltolbmalllintestinelhndbeyond,thndOwvhetherhllforms[bflbxidisedlipidsthrelhbsorbed
intoltirculation.MThelbtudiesbylKannerthnd[ apidot{97)buggestlthatthumanlbtomach[fluid,
havinglhllowlpH,may[belallgoodlmediumforlfoodMlipidlperoxidationlinlitheldpresencellof
endogenousltatalystsfounddnlfood,Bwhen[Hietary[hntioxidantslhrelhotlhvailable.Onlktudies
performed[inlrats(bylKanazawalhndlAshidal(98,[09),0inoleiclhcidlhydroperoxidestidhot
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reachlthelsmalllintestinellwhenldosedlintragastricallylatOmoderatellevelsfaslsuchlorlas
trilinoleoylglycerolhydroperoxides.0Onlyllwhenlverylhighlldosesl(200 mmollorlmore)of
linoleicacidl hydroperoxidesdwerellused,Upartiall transportl toll thel smalllintestinell was
observed.Onlthelbtomach,trilinoleoylglycerollhydroperoxidesfverelbrokentlown[tollinoleic
acidhydroperoxideslhndthydroxides.[Purellinoleiclhcidthydroperoxidesivereltlecomposedlto
hydroxides,lepoxyketoneslhndhldehydes.IWhenlmoderatellevelsloflhydroperoxideslwere
used,lonlylaldehydeslenteredlthelsmalllintestine. AldehydesalsollseemedOtolbelpartly
absorbedlintolthelbody.

Thelkmalllintestine[lislthelprimarylkitelbflhutrientlhbsorptionthndhltriticallHefenselbarrier
againstlimutagens,lcarcinogensllandloxidantsloflldietaryQorigin.DAtpresent,dthelextent[lto
whichlbxidativelinodifications[bfllipidsnfluenceltheirlluminallbolubilitylhndtheirlegreelbf
penetrationltolplasmalinembranelisthottknown,horslittknownOvhethernicellarformation
isnecessaryllforllandUcriticalll tolmucosalluptakell ofl peroxidisedOlipidsQ (100).0 In0rats,
glutathionellperoxidasellseems[toleffectivelyllremovellipidlhydroperoxideslifromlthelsmall
intestinelinthormalltonditions.[However,[thelhydroperoxidesnaylbeltransportedlintoymph
inltonditionsbwherelthelbupplylbflklutathionelisdimited57,0101).OnlhiktudybyVilasbthl.
(102),leedinglbxidisedtornbilincreasedtheBveightlbflthelnucosalltellsbflthelfatlntestine,
suggestivelbflhnlinflammatorylreaction.OTotallhctivitylbfllutathionelperoxidasel{ NADPH
oxidised/min)waslunchangedlorOslightlyllincreasedlinfthellintestinallmucosa.0However,
specificlhctivityloflthelenzymel( NADPHoxidised/min/mgliprotein)wasldecreased.Oinlthe

stomach,[bnltheltontrary,Bpecificlhctivitylvasfincreased.

Overall,Oevidencelforltransportlofldietaryllipid0hydroperoxideslintolthelcirculationlis
controversial. IWhilelkome[lkesearcherslhaveldocumentedlkhelpresencelbfllunmodifieddipid
hydroperoxidesfin[plasmalfollowingfhlfattylineal[{103),Ibthersthavelprovidedlévidencelbnlthe
absorptionlofldegradationproducts,dsuchlaslhydroxyllfattyllacids,dconjugateddienesland
aldehydes,[ntolthelbody (99,004,005).
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2.4IMETHODSIUSEDIFORMHERNALYSISIOF INVIVO OXIDISEDILIPIDS

Inlprinciple,dmanylbflthellmethodslisedorkhelhnalysisibfllipidlbxidationlbroductslinlk.g.
foodtanthlsolbelhppliedtolbiologicallbamples.[However,thelbjuantitieslbfli-ariouslbxidation
productslhrelbftenlimitedlinltheselkamples,thndlkhereforelkensitive[tetectionimethodslhre
needed.[Also,lthellmatrixloflbiologicallsampleslislichallenging[hindvariouslextractionfand
purificationllprocedureslareloftenlineededlduringllsamplelpreparationllinforderfitoliremove
interferinglcompoundsfrom[thellmatrix.Nevertheless,lkamplelpreparationlktepskhouldlbe

keptlnfinimumlolhvoidlthelformation[bflhrtefacts.

Inlthelkecentlyears,variouslinethodshavelbeentevelopedhndbptimisedorlthelkensitive,
specificllanalysisUofllipidloxidationlproductslfound inlvivo.0In0thelfollowingllparagraphs,
analyticallhpproachesusedforlkhelhnalysislofloxidisedipidslinlplasma,dlipoproteinsfhnd
atheroscleroticlplaquesthre[tescribed.Olotallipidbxidation, bxidised[ilycerophospholipids,
cholesterol,[tholesterollbstersthndfattylhcidsthndlhreltovered.[Bpecificlbtructuresbflbxidised
TAGl[molecules[bresentlinlplasmalbrllipoproteins inllivolhavelhotbeenlinvestigatedlbefore

ourlpresentlbtudies.

2.4 1[Analysisbfltotallipidbxidationnfplasmalhindlipoproteins

Measurementlofthelformationof0TBARS,Odifferentlspectrophotometriclandlenzymatic
techniques,lhnd[tletermination[bffhutoantibodiesthavelbeenisedfolkstimatelthelbxidationbf
plasmalhndlipoproteins inlivol{23,61,006-108).Modernlinethodslorthelbstimationlinclude
measurementl ofll conjugatedl dieneslatl baselinelllevellasOwelll asl determinationof0 F,[

isoprostanes({seelbection?.4.2)[{23).

Measurement[bflll BARSOs[based[bnltheformation[bflinalondialdehyde[l MDA )[Huringlipid
oxidation.IMDAreactsOvithlthiobarbituriclhcid,hndthelhdductlformedtanibelineasurediby
spectrophotometryll orl] fluorometryl] (109,0110).0 Typically,d samplesl arell incubated with
thiobarbituriclhcidlhndltricholoroaceticthcidthtlhnlblevatedtemperaturelhfterOvhichIBARS
arellneasured[(109).0IBARS[teflectbecondarylbxidationlteactions,buttMDAmay[belformed
alsolbylkhelbreakdownlofllipidthydroperoxideslunderlkthelkonditionslusedforthehdduct
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formation[{111).[IAthumberlbfltompoundslbtherthanMMDA hlsolfeactBvithlthiobarbituriclhcid
tollproducelhdductswhichlhibsorblhtlhpproximatelylkhelkamelwavelength.OThus,forlimore
specificlldetection,llchromatographicl separationlislneededllandhasl beenOusedOforthe
measurementl of l TBARSOin0 plasmal (111-114).0 Al secondl problem0associatedld withl the
determinationofITBARSlislthatloxidationOproductslformedlfrombotherlifattyllacidslithan
arachidoniclhcidinaylbelheglected.

Lipoprotein[lipidperoxideshavellbeenmeasuredlinlichylomicrons,IVL DLUandL DLObylla
colorimetriclinethodbasedbnlthelkeactionbfllipidthydroperoxideslwith[hleucomethylene
bluelderivativelinlthellpresencelbflhaemoglobin.OThelhmountbflinethylenelbluelformedTis
measuredlbyllitsfabsorbancelatl666nm(54,061,0115).0Plasma,0VLDL, UL DL OandIHDL lipid
hydroperoxideshavelalsodbeendmeasuredlusinglalcolorimetriclmethodUthatutilizeslthe
oxidationlofllferrousl toferriclion.0FerricionObindsOtol xylenollorangel toll producella
chromophorelthatltan(bellneasuredhtb60hm{107,016).0Thelprecisionbflthisthpproachlhas
beenluestioned[{117).IAnotherlnethodMisedforltheltleterminationlbfllipidthydroperoxidesin
humanl(plasmallhaslbeenlalkriliodidelspectrophotometricltechniquel(106).0mOchemethod,
lipidsthndlipoproteinsthrethbsorbedlntolhlkel.[A[tolorlFeagentltontainingpotassiumlodide
isladded,UthelgellisOcentrifuged,landlthelabsorbencyloflithedsupernatantlislimeasured

spectrophotometrically.

Inlhdditionlkolthelkolorimetricthndspectrophotometricltechniques,thkensitivellenzymatic
assaylorllipidthydroperoxidesthasbeenlhppliedtofhumantplasmal(118).0r helhssaylineasures
hydroperoxideslirectlylbyltheirl$timulation[bfltheltyclolbxygenaselhctivitylbflprostaglandin
HOsynthase.l Thelresultsobtainedbyllthelenzymaticlassayllindicatedl thatl thell plasma
concentrationbfllipidlhydroperoxidesinhormallbubjectsfisD.5 mM.,0whilelalueslbetween
1.5-5.50pM0Ohaveltypicallyllbeenllobtainedl bylliodometricOtechniques,l photonlcounting

chemiluminescencelhndinesurementbflferrousonbxidationinkkylenollbrangel{116).

Chemiluminescenceltletectiontanlilsolbeiseddorltheldleterminationlbfllipidfhydroperoxides
inlbivo.[IZamburlinilbtthl.[(119) performedhbpecificlhnalysisbfllipidhydroperoxidesinhuman
plasmallandOlipoproteinsbylldirectmeasurementlusingllchemiluminescentlsinglellphoton

counting.[Inlthellnethod,thelkampleslhrelhddedrolhlFeactionlinixtureltontaininglluminol,
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hemin{the[Fe* [bxidationlproductbftheme)hndTritonIX 000 athonloniclurfactant).IThe

photonlémissionbylluminollsiineasurednfhluminometerfindlguantificationlslperformed.

Uponlbxidation,I DLbecomeslimmunogenicliiving[tisefoltheformation[bffhutoantibodies.
StudiesliwithautoantibodieshavelldemonstratedimplicationloflloxidisedJL DLin0human
atherosclerosisthndlrelatedlkonditions.ISomelktudieslkeem[kolindicatelthatthutoantibodies
againstloxL DLOpredictltheldevelopmentlbflhtherosclerosis,lbutlkontradictorylresultshave
alsolbeenlteported{23,0120).0rhelhpplicabilitylbflthellnethodologyltorltlinicallburposesthas
beenltjuestionedlparticularlylbecauselbfltheldlifficultylbflteproduciblelpreparationlbflhntigens
(23).0Autoantibodylbasedlenzymellinkedlimmunosorbentlassayll (ELISA )0haslalsolbeen
appliedkolkhelhnalysisoflbxidisedLDL[inlplasmalinthstudylbylHolvoetlktlhl.0(108).0The
resultsl ofl] thell studyl suggestl thatll plasmallevelsl ofll oxL DLOdeterminedd byl ELISAl are

significantlyltlevatednlschemiclheartlliseaselpatientslindnfhearttransplantlpatients.

Sincelthellnethodlwaslintroduced,ineasurement[bfltonjugatedHienesl{including[tattylhcid
hydroperoxideshndthydroxides)hastbeenOvidelylised exBivoltolHeterminelbusceptibilitylbf
LDLOro0Cu* linducedloxidationl(121).OLater,Othell DI Obaselineldienelconjugationlmethod
(LDLIBDC)Owasevelopedtolbelsedhslhnlindicatorbfl DL Uipidlbxidation inQivol{122).
Thellnethodlineasureslthelhctualthmountlbfltonjugatedltlienesdnthativell. DLht[234hm,hnd
isthbpecificlindicator[bfltirculatinglinildlylbxidised I DL.OT helbaselinellevelsbfltonjugated
dieneslhavelbeenlineasuredlinbtherllipoproteinlklassesthsiwelllinlbrderlkoldeterminelthe
degreelbfllipidlbxidation[{55,6).

2.4 2[Analysisbflllifferentbxidisedlipidsinlplasma,lipoproteinsthndlitheroscleroticlplaques

SeverallinethodsbasedlbnHPIL Clhavelbeenlteportedforlthelineasurementlbfllipidlbxidation
inlivivo.OLipidQclassesleanbellseparatedwithnormalliphaseIHPLCO(NPIHPLC),land[ipids
differinginffattylhcyllthainllengths,[Hegreelbfinsaturationlbrltypelbflbxidationlbylteversedl
phaselHPLCURPIHPLC).[Chirallbolumnsthavelbeenfisedtolbeparateltifferentlbnantiomers
ofllipidlbxidationlproductsl{123-125).HPLCltombined[tolthemiluminescencelinethodsBvith
isoluminollor{luminolasOwelllasOtolfluorimetrylhavebeenOwidelyllusedOtolanalysellipid
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hydroperoxides inlyivo.[HPLCEoupledltolUVHetectionthasbeenised[k.g.inlthelhnalysislbf

conjugated|dlienes.

Electrospraylonisationlmasslpectrometry[{ ESIOMS )UslhiboftAonisationtechniquelthatltloes
notltauselbubstantiallfragmentation[bflbiomolecules,thndnlnostltaseshllowsltheltetection
oflintactlipidslwithoutlkhelirequirementlbfderivatisationbrlkxtensivelkamplellprocessing,
ESIMS[kan(ireadilylbelcoupledtoHPLC.OHPLCIESIIM SthindIHPLCIESIIMS/MS[tandem
masslspectrometry)lhavelbeenllusedlinlseverallstudieslitolseparate,lidentifylandlquantify
variouslbxidisedllipidsffoundlinl¢.g.[hitheroscleroticlplaquesl{126).

2.4.2 1IHPLCkchemiluminescence

Thell groupl ofll Miyazawall (127)0 determined( thell phosphatidylcholinell hydroperoxides
(PCOOH)D inll humanl plasmall byll al NPOHPLCkhemiluminescencell assay.ll Inll the
chemiluminescencelteactionllised,UipidthydroperoxideseactBvithltytochromellClhemelhnd
producelloxidants.JAfterlthis,Jluminollisdoxidiseddunderlalkalinellconditionsllanddemits
chemiluminescence.lInladditiondtolanlordinaryldetectorlmeasuringllchemiluminescence
emission,[Ithellresearchersfusedlallsensitivelldetectorliwithllallsingleliphotoelectronlicounting
system.[IThelfesultsbuggestlthatlthelplasmaltoncentrationbflPCOOHslnhealthylndividuals
islinfthellrangelfromObelowl0nM[tod5000nM.0TheIPCOOHI[peaklchromatographedlon
chemiluminescencelHPLClbflplasmallipidsidisappearedlhfterlireductionOwithNaBH4.0The
peaklintensitiesIbflPCOOHsOwithDUV{234hm) HetectionHidhotlthangelbeforelhndhfter
thelINaBH; treatment,suggestinglithellreductionloflhydroperoxidesltolhydroxides,tanother
classbfltonjugatedtienesthbsorbinglht@34hm.OThus,kheltesultslbuggestedthathinmodified
lipidthydroperoxidesBverelindeedpresentlinlplasma.

Huil et al.0 (128)0 reportedl all RPIHPLCH method( forll simultaneousl measurementl of
hydroperoxidesloflicholesteryllesterland0TAGlin[humanplasma.0The[luminescentlreagent
consisted[bfltytochromelChndluminolln[boratebuffer.Anfinternalthydroperoxidelstandard
waslsynthesisedlforllthellanalyses.0Plasmallcholesteryllesterlhydroperoxidellevelslwerellin
averagell 1890 nM[ inl healthyll youngll andll 2100 nM0 inl healthyl elderlyl subjects.l TAG
hydroperoxidesiverethotltletectedinlthefhealthylindividuals.
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Yamamotoletlhl. [{129)isedhlifferentlthemiluminescencelteagentlinltheirlbtudy.Thelbystem
waslbased[bn[thelHetection[bflthemiluminescencelbmittedbylisoluminolfinfthelpresencelbf
hydroperoxidelhndlicroperoxidase.Ml'heltesearchersldescribelbeveral[HPL Cltonditions[that
mayll allowll identificationl ofl differentl lipidll hydroperoxides.l Freill and] Gazianol (130)
determinedlthelllevelloflllipidd hydroperoxideslinlnativelhuman0 LDLObydRPOLCOwith
chemiluminescencelldetectionllbasedlonlthellreactionOwith[iisoluminollhndmicoperoxidase.
Withltheldamelnethod,[Bowrylétlhl.[49)letected[tholesteryllbsterthydroperoxideslinthative
humanHDL.

Upstonlktlhl.0(125)lusedR POLClhnd[khelkhemiluminescencellreactionlbasedbnllisoluminol
(129)roMeterminelkholesteryllbsterbxidationlinfhumanlhtheroscleroticlesion,dipoprotein
andplasmallextracts.0Inlanotherlstudy,] Upstonletlal.0(31)0analysedlcholesteryllester
hydroperoxides/hydroxidesthndbxysterolsloflhuman(lhorticllesionslbyIR PUHPLCandINP[
HPLC, [respectively,thindfoundloutlthatltheloxidiseddipidsfhccumulatedlonlythtlthellater

stagesloflllesiondevelopment.Chemiluminescencellemittedlbyllisoluminollwaslonelofthe
detectionlinethodsisedlinltheltudy.

Anionlkxchangell LCll methodll wasll developed forll thell chemiluminescencell assayll of
hydroperoxideslinfrabbit0LDLObyllYamaguchilletOal.0(131).0ThelmethodOinvolvesanionl
exchangellHPLClseparationlusingllalldiethylaminoethanol(DEAE)klucomannanlgelland
directldetectionlofllhydroperoxideslin0L DLOparticlesd(withoutlextractionOoflithellipids)
followinglpostlkolumnlreactionBvithOsoluminol,inicroperoxidaselhnd ritonXMO0.Bylthis
method,komelhydroperoxideslivereltetectedlinlthelhative[l DLIbflthelWatanabelheritable

hyperlipidaemicltabbits,[éventhoughlthelthromatographiclpeaksivereltelativelyldmall.
2.422HPLCIUV
Mowrill etl al.0 (132)0 studiedl byll RPOIHPLCOUV thell cholesteryll estersl extractedl from

atheroscleroticlaorta.0TwolldifferentloxidisedUfattylacidsOwereldetected.OThelfattylacids

showedmaximum(hbsorptionfht[@33hm,kuggestinglthatltheyltontainedlhltonjugated[tiene
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structure.lOneloflthelstructureslwasllidentifiedasO13[hydroxyoctadecadienoiclacidl (13~
hydroxylinoleiclhcid;130HODE).

Oxidisedl cholesteroll andl cholesteryll estersll inl humanl atheroscleroticl plaquesl were
determined[bylBuarnalbtfhl.[{133).0Theltesearchersthised R PIHPLCOU VIt 34hm{olhnalyse
thelbxidisedlipidkpecies.Olhellnethodtouldhlsolbellisedtolineasurelbsterified formsbflyl
ketocholesterol.[Forlthelhnalysis[bf[Hifferentlbxidisedfattylhcidshwithinlkholesteryllesters,
separateltechromatography[bflbxidised[tholesteryllinoleatesvaslperformedbyINPIHPLCI
UV.[ApproximatelyB0%[bflaqueltholesterylllinoleateBvaslbxidised,Bvith0179,02%hnd0%
presentlhsfattylheylthydroxides,ketonesthndlhydroperoxides,lrespectively.[Fourlisomers[bf
both[lfattyllacyllhydroxidesllandlketonesOwerelldetected.07ketocholesterolwasImuch(less
abundantlinlthel$amples.

Mashimalbtlhl.[(134)hnalysed[bxidised[tholesterylinoleatednthumanlplasmalby[HPLCOUV
at234hm.[rhelbamplelpreparationlbtepsincludedipidlbxtractionbynethanol/hexanelhnd
solid[phaselbxtraction.[Fractionsiwereltollected[by[RPIHPL Clhnd[furtherlbeparatedbyNP0
HPLC.OThellresearcherslimanagedlitollseparate Z,E/E,Zlland E,Elisomersoflbothl9Mandl30
hydro(pero)xylinoleiclhcids.[Allbfltheselktructuresliwereldetectedlinlthelkamples,lhind®l
hydro(pero)xylktructuresfiwerelinorelbrominent.lThelFesultslindicatedthelbresencelbfltree
radicalllmediatedOinlvivollipidlperoxidationlevenlinlthelyoungll (agedl 21-29)0subjects.
ArtefactuallbxidationBvashotltletectedtluringlthelhnalyticallprocedure.

BrownellandJ Armstrongll(135)0determinedlthellhydroperoxyllandOhydroxylstructureslof
polyunsaturatedfattylhcidsin[plasmalbyRPIHPLCOU VAt 36hmbhfterlipidbxtractionthnd

alkalinefhydrolysislbfllipidlésters.DIhnd030HODESs[tonstitutedlthelmainlpeaks.[Dtherlpeaks
representingllifferentthydroperoxylindhydroxylstructuresiverel$mall.

Upstonlbtlhl.[(125)MisedINPIhnd[thiralphaseHPLCltoupledtodJVIHetectionht[D34thmlto
studylthelbtereroisomers[bfltholesteryl[HODEsinthuman(tarotidlhndthorticlesions,lhndlin
lesionllipoproteins (LDLOand0HDL). ZE/E,Z0configurationsl predominatedoverll other
productsfinltachfraction.Mheltontentldf Rhnd SHsomersbfd3IHODERvith Z Eltonfiguration

wasléquimolarlinfhorticlesions,indicatingthonbnzymatic,freelFadicalllnediated[bxidation.
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2.4.2.3HPLCIESIIMS(/MS)

ByllisingHPLC,[ESIIMS, hnd[ESIIMS/MS, W atsonlkthl.[(33) khowedthatfhortaelbflabbits
onll anl atherogenicl dietl containedl increasedl levelsl ofl] certainll oxidationl productsl of
palmitoylarachidonoylll  glycerophosphocholinell (PAPC),0 namelyll 1lpalmitoylR0(50
oxo)pentanoyllknlklycerophosphocholine, 1lpalmitoylRslutaryllknlklycerophosphocholine
andl all third productl later( identified asll 10palmitoyl@(5,6[kpoxy)isoprostanell Elnll
glycerophosphocholinell(136).0BylusingIR POLCOESIOMS/MS,0Hoftletlal.0(137)0detectedlin
humanlhtheroscleroticllesionslandIL DLaldifferentloxidationlproductlofIPAPC,Owherel[50
hydroxyBbxoblbctenoiclhcidlslksterifiedto[PC{HOOADPC).

InfhdditiontodHOOADPC,[Podrez[btlhl.[{138)Udentifiedhndlfjuantifiedhnotherlbtructure, b0
ketoBbxobbctenoiclhcid,bsterifiedlto snRbositionbfIPCHKOOANPC)Unlhtherosclerotic
rabbitlaortas.0Relatedd5hydroxyland5ketolstructuresfesterifiedltolglycerollbackbone,
wherellreeltarboxyliclgrouplvaslbubstitutedforhnlhldehydiclgroup,iverelilsolpresentlinlthe
oxidised[PAPClnolecules.[Alltheltorresponding[ktructuresformedfrom[balmitoyllinoleoyl
glycerophosphocholinell PLPC)Owerelhlsolpresent.dnltheselinolecules,[bsterified[Hodecenoic
acidlderivativeswerelpresentlinsteadloflloctenoiclacidlderivatives.0Inladditiondtodthe
abovementionedlstructures,l5bxopentanoyllandlglutariclacidlesterslderiveddfromIPAPC
oxidation,l] andl 9bxononanoicl acidl andd nonanedioicl acidl esters derivedl fromd PLPC
oxidation,Owverelhlsolpresent.[DtherlFesultsbbtaineddnlthelbtudylbuggestthatthislfamilylbf
oxidizedl glycerophospholipidslparticipatesll inl CD360mediatedl recognitionl ofl] oxidised

lipoproteinsthndfoam[telllformation inlivo.

RavandilletOal.0(139)0investigateddhumanlatheromallbyllNPOIHPLClcoupledltolESIIMS.
Hydroperoxides,lhydroxides,lepoxides,lE,00F,00anddepoxyllisoprostaneslaswelllaslcore
aldehydesl(5:0ALDhndD:0ALD/8:1(OH)ALD)httachedltolthe sn[RpositionbfPCL{with06:0
orl18:00nlthe snlllposition)Owereltetectedhndfjuantified.dnterestingly,therelwastholtlear

relationshiplbetweenl thelldevelopmentallstagel ofllthell plaquellanddwhetherl thellmajor
oxidationlproductsvereltarlylbrlhdvancedlbxidationlproducts.Mheltarlylbxidationlproducts
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(hydroperoxidesthndlépoxdides)Bverefoundlhtlthelhdvancedbtagesibflthelplaquesinthearly
thelbameltelativelhbundancelhslthellnorelhdvancedlbxidationlproductslicorelhldehydesthnd
acids).Onlhnltarlierlbtudyl140),Gheltesearchersthadltetectedlariouslbxolheyllbstersthlsolin

plasmallipoproteins.

Kamidolbtlhl.({141)hnalysedlipids[bxtractedfromlhumanththeroscleroticlesionstbylHPLCI
ESIOMS.[CorelhldehydeslwerelhnalysedhsHinitrophenylhydrazinel DNPH)[Herivatives.[5:0
(pentanoyl)[hnd[P:0[{ nonanoyl)[korelhldehydesbflPClivere[HetectedhfterlphospholipasellC
digestion.[CholesterylDbxolhndbbxolhlkanoylltstersthndtheirlhldolltondensation[Himers
werelhlsoldentified.Analysis[bfllinderivatised[bxtractlndicatedthelbresencelbflinonolhnd
dilhydroperoxideslbfPClindltholesterolltsters.

InlbtherlbtudiesbylKamidoletlhl.[{142,043),ktheltesearchersdentifiedhndlfuantified[PCltore
aldehydesOvithlhn[hlkyllkrouplnlthe snllipositionbflthelinoleculednfhumanththeromas.l he
analyseslwerellperformedlbylHPLCIESIIMSHandOL CHirectlliquidlinletlinterfacelMSHof
DNPHI derivativesl afterl phospholipasell Clldigestion.0 Thell derivativesO gavell [M]Tions
correspondingll toll 100hexadecylR(9bxo)nonanoyllknlslycerol,l 1MMbctadecyl@(90
oxo)nonanoylnllycerol, lIDMhexadecyl R 5bxo)pentanoylnlklycerollhnddMDbetadecyll
2[0(5[bxo)pentanoyllknlklycerol.ll 1I0hexadecylR(5bxo)pentanoyllknlklycerophosphocholl
lineBwvasbhownltonducelhggregationlbfrabbitlplatelets.0palmitoyl D 9lbxo)nonanoylnll
glycerophosphocholine,ll 1lktearoyl[R(9bxo)nonanoylknlklycerophosphocholine,ll 10palmill
toyl[R0(5bxo)pentanoyllknlzlycerophosphocholinell andl 1lktearoyl R 5bxo)pentanoyllsnll
glycerophosphocholinelverelhlsolidentifiedinlthel$tudies.

Mallatletthl.0(144 ) studiedkhelipidsoffhumanbatheroscleroticlplaquesibyIR POHPLCOESIO
MS/MSlafterlesterlhydrolysis.0500800900110012Mand015thydroxyeicosatetraenoiclacids
(HETEs)0 asll wellll asl Fslisoprostanesl] werell identifiedl] andll quantified.0l Alsol 5,60
epoxyeicosatetraenoiclacidlwaslfoundlindsomelsamples.0ThellevelsloflallIHETEsOwere
significantlylhigherlinlthelplaqueslietrievedlfrombymptomaticlpatientsl{unstablelblaques)
comparedlwithlthoselletrievedlfromlhsymptomaticlpatientsl(stablelblaques).[DIHETEDwas
the[osthbundantltompoundfoundinlthelplaques.Theltesearcherslbtatelthatthelmolecule
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couldthotlbelerivedfromlknownlbnzymaticlteactions,[buggesting[thatthonlknzymaticlipid

oxidationtinaylprominatelinfhdvancedlhtherosclerosislindnaylpromotelplaquelinstability.

Hoppeletlal.[(145)0analysedloxidationlproductsoflicholesteryldlinoleatellfoundlinfhuman
atheroscleroticllesions.ThellipidléxtractsBvereltreatedBvithDNPHhndtheltlerivativeslhlong
withlthellinreactedlipidsBverel$ubjectedtoRPIHPLCIESIOMS. T heltesearchersltletectedthe
following[tholesterylltsterltorelhldehydesinthelbamples:#:0ALD,5:0ALD,6:0ALD,[J:0ALD,
8:0ALD,®:0ALDhndO0:1ALD.

2.4.2.4HPLCltoupledBvithlbtherltletectionlinethods

TolHetermineT AGslhnd[tholesteryllbsterthydroperoxideslinthumanlplasma,[Akasakalbt[hl.
(146)0developedlallmethoddbasedd onINPIHPLCOcoupleddwithl fluorescencelldetection.
Diphenyllifpyrenylphosphinelvasisedhs[thelpostcolumnlluorescentlteagent.[HPLCltluent
waslhonitoredlbylUVIhbsorbancelhtR68hmlprioritolthelpostltolumnlieaction. O helteagent
solutionllwasladdedOtoleluentfromOUVdetector,Janddthemixturelreactedlindalheated
stainlesslkteelltoil [DetectionBvaslperformedbylmonitoringlthefluorescencelintensitylht380
nmlwithlthelkxcitationlwavelengthlketlht[B520hm.0Anlinternallktandardwaslusedforlkhe
quantification.lCholesteryllbsterthydroperoxidelleveldnlthelplasmalbamplesOwvaslbnlhverage
24.5[hM.IOTAGlhydroperoxideswerelhotlfound.OThelFesearchersaterltevelopedthltolumnl
switchinglhpparatusfforlthelbimultaneousltletermination[bflphosphatidylcholine, [Eholesteryl
estersthndT AGlhydroperoxides(147).Onlthelbystem,hfterlbeparation[bfllipidtlassesbyINP
column,l phophatidylcholinell hydroperoxidesl arell ledl toll anotherll NP0 column,0 whereas
cholesteryllbsterhindT' AGlhydroperoxideslhreledfolh[R Pltolumn.Onlthelbtudylitilising[the
apparatus,[thellletectionlinethodsltemainedthelbamelhsinltheltarlierlbne.[Hydroperoxideslbf
bothltholesterylllinoleatelindphosphatidylcholinelvereltletectednlplasma.

Karten[ktlhl.[(148)hnalysed[kholesteryllksterlcorelhldehydesloflhumanL DLObyIRPOHPLC

coupledl] withll fluorescencell detection.ll Lipidll extractsll werell derivatisedl withl 1,30
cyclohexanedionelkeagentlbeforell Clhnalysis.[Detectionlwaslperformedbylinonitoring[the
fluorescencelintensitylht#55hmAvithltheltxcitationBvavelengthlbetlhtBO6hm. Onlthelbtudy,
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LDLOwasloxidisedlinlvitro,Ibut5bxopentanoyllicholesterollhnd®bxononanoyllkcholesterol
seemed[tolbelhlreadylpresentlbeforelthelbnsetbflthelbxidationlteaction.

Thomasletlhl.[{149)tudiedthelipidhydroperoxidesind DLIby[HPLCltoupledQvithnercury
dropltlectrochemicallletection,[hlinethodlbylvhichlowlHetectionllimitsthavelbeenthchieved
forll cholesteroll esterll hydroperoxides.l Freshll LDL,0 isolatedl carefullyll toll avoidl lipid
autoxidation,wasfoundlrolkcontainkmalllhmounts[(6-120pmol/mg[iprotein)oflicholesteryl

esterthydroperoxides.

2.4.25[GCHndIGCOMS

Gaslthromatographyl{ GC)lhas[been[lisedlinlthelhnalysisbflbxidised[kholesterollbtructures
and[attylhcidlbxidationlproducts,thellatterfhfterlésterthydrolysislbflbriginaldipidinolecules.
Forlthelidentification[bflthellnolecularlktructures,IMSHetectionltoupledkolprecedingIGC
separationlisyaluable.0WhenMSOsthotlhvailable,[GCltuns(beforelindhfterfhcetylation[bflthe
hydroxyllgroupltanlbelperformedltoliainbomelbpecificitytolthelbtherwiselifficultthnalysis
oflhydroxylfattylacidsl(150).0Becauseloflitheirthermallinstability,Olipid0hydroperoxides
cannotlbelhnalysedbyllGClbeforelteduction.

Inltheirlstudylonl thel effectd ofll oxidisedl dietaryll cholesteroll onl] thell developmentl of
atherosclerosislinlrabbits,[Stapransletal.[(65)dusedIGColdeterminelbxidisedcholesterol

levelsOnberumlipoproteinltractionslbftabbits.dnll DL Hraction,alhydroxycholesterol,[Ybl
hydroxycholesterol, alkpoxycholesterol, blkpoxycholesterolllandl7lketocholesterollwere
detectedlndlfuantified.[falhydroxycholesterolBvasthotlpresentlin bINVLDL[fraction.

Vinelbtlhl.[{58)dentifiedlhndfjuantifiedbxysterolslinlkatdymphlipidkxtractslbylGCIOMS

withl singlelionl monitoring.ll Thell animalsll werell gastricallyll infusedl] with[ heatlkreated
cholesterolltontaining[V bthydroxycholesterol,[Vlketocholesterol,[tholesterol[ba,6alkpoxide
andlkcholesterol5b,6bpoxide.OThellincorporationlofloxysterolslintodlymphlchylomicrons
differedl overl timell withl 7blhydroxycholesterold havingllall peakl absorptionl atll 30h,070
ketocholesterollatl40hl0andlcholesteroll5a,6alkpoxidelatl5ih.0Inlallaterlstudylbylthe
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researchersl{59),FabbitsOverefedlvithlbxidisedtholesterollbrihonlbxidisedtholesterol.The
concentrationloffl7blhydroxycholesterollwaslsimilarlinlthe(TAG[richlipoproteinslofboth
groups,butlitheloxidisedlcholesterollfedanimalsshowed[fiveltimes[ithelconcentrationlof
cholesterollba,6alkpoxidelhndtoubleltheltoncentration[bfl¥ ketocholesterol. MThelpresence
oflVketocholesterollinlremnant/L DLHipoproteinractionwaslkxclusiveltolhnimalslfedlkhe
oxidised[tholesterolldliet.

BylhisinglGChnd[GCIMS[hfterbaponificationlbflthelbamples,arpenterletlhl. [{151) hnalysed
7blhydroxycholesterol,[26thydroxycholesterol,hindHODEsn humanlhtheroscleroticllesions
atlifferentlkstagesbfltlevelopment.IHydroxycholesterolslwereldeterminedhsltrimethylsilyl
(TMS)[ktherslandIHODEs[hsmethyllksters.[D6lhydroxycholesterollwas[kignificantlylinore
abundantlinfhdvancedlesions[thanlinlintermediatelbrkarlyllesions.IAlthoughlHODEMevels
increasedlwithlthelkeveritylbflhllesion,ltherelwerelfewlktatisticallylkignificant[Mifferences
betweenlthelhistologicalllcategorieslofthellesions.IWaddingtonletlhl.[(123)lidentifiedlthe
fattylhcidbxidationlproductslfromlthelhydrolysedlipidlkamplesbffhumanlhtherosclertotic
plaqueslbylGCIMS[hfter[RPLClractionation[{ UVIHetectiontht[235hmhndR70hm).[High
levelsoflHODESs, U15IHETEDand0110HETEldwereldetected.09Mand13ketolderivativesof
octadecadienoiclhcidlindltwolpreviouslylinidentifiedltompounds,d1ketolind®,6[Hihydroxy
derivatives[bflticosatetraenoiclhcid,Qverelhlsollletected.MhelhnalysisibfractionsfromRPOLC
perfomedwithlchiralphasell Clicolumnlrevealedlthatlithelmajorllcompunds,ISIHODE, 0130
HODE O1IHETEndO50HETE, BverelracemicnixturesBvithhnlhlmostlbqual Histribution[bf

Rbind SOsomers,lindicatingfhonlknzymaticllipidlperoxidation.

Salonen[etlal.0(110)0determinedloxysterolslextracteddfromOhumanlserumby]GClisotope
dilutionMS.0 Thel oxysterolsd werellanalysedl asd TMSUethers.0 7blhydroxycholesterol, 070
ketocholesterol,7alhydroxycholesterol,[24[hydroxycholesterol,[25lhydroxycholesterol,[270
hydroxycholesterol,[kholesterollba,6alkpoxide,lcholesterolbb,6bkpoxidelhndlcholestanell
3b,5a,6blkriolBverelineasured.YblhydroxycholesterolltoncentrationBvaslhssociatedBvithlthe

progressionlbfltarotidlhtherosclerosis.
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Fllisoprostaneslhrelproducedbylireeltadicallbxidationbflhrachidoniclhcidlhndlhrachidonic
acidlkontaininglhospholipids,thnd[kheylkanlbelhnalysedbylGCOIMS(111).0F;[isoprostanes
arelbmerging[biomarkerslhnd[potentiallinediatorslinltardiovasculartiseases.IMorrowl[bt[hl.
(152)reportedltheirlpresencelinlplasmalhndltheirliapidlincreaselduringlktoragelin[IDO °C.
ThellresearcherslusedlGClicoupledlwith[ihegativeliondCIIMSOtodanalyselthelstructuresllas
pentafluorobenzyllester/TMSUetherllderivatives.0ThelmeasurementloflF;[isoprostaneslin
biologicallkamples[islthallenging[becauseltheylmustlbelkeparatedfrombtherlisoprostanes,
prostaglandinds,lhnd[theirlinetabolites[{153).

Moriltlhl.[{153)hndWaddingtonlbtlhl.[{124 ) Mised[IGClklectronltapturethegativelonisationl]
MS[kolhnalysellF-[isoprostaneslinfhumanlplasmalindhtheroscleroticlplaques,lrespectively.
BeforelthellanalysisObyl GCOMSOasO TMS0ethers,Osolidl phasellextractionlof thellplasma
hydrolysateslwithbothORPUandONPlextractionlcartridgeslwasperformeddandOthelF,[
isoprostanelfractionfwvas(tollectedbylRPILC.[Asn[theltarlierlbtudyl{123),Adentificationthnd
quantificationlbflbxidisedattylhcidsOwaslhlsolperformed.OThelkesultsbwerelkomparablelto
thoselbflthelbarlierlbtudy.dThomaslethl.[{154 ) hnalysedthelF;[isoprostanelevelslnlthelipids
extractedfromlhtheroslceroticlhrteriesbfhonfhumanlprimates.0T helkesearcherslkaponified
thelbamplesthnd[tonvertedthemltolpentafluorobenzyllbsters.Afterlbeparationlbylthinlayer
chromatographyll(TLC),0thelresiduellcontainingF;lisoprostaneslwaslconvertedltodTMS
ethersthndnalysedbylGCOMS.
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2.5BUMMARY

Numerousl studiesl madell duringll thell lastll decadesl] suggestll thatl oxidativelyll modified
lipoproteinslarelalimajorQrisklfactorforfatherosclerosis.OLipoproteinslcantbeloxidised by
severalllmechanisms,[butlkthelkitelhindmechanismsbfllipoproteinfoxidationhavelnotbeen
fullyllresolved.l InJaddition0 tol thell lipidl oxidationl productsl formedl endogenouslyll by
enzymaticll andl nonlbnzymaticl reactions,l oxidisedl] TAGs0 andl oxysterolsl inll thell diet
contributeltolthelbxidisedlipoproteinslfoundinltirculation. dtlisthotlwelllknownlinlwhat
degreelifferentltypeslbfllipidlbxidationlproductslburvivelfromnouthltolbmalllintestinelthnd
beyond,Jandliwhetherlalllformsofloxidisedlipidslarelabsorbedlintolcirculationberlke.Oln
arteries,JuncontrolledluptakeloflL DLOparticlesbylimacrophageslleadsOtoltheformationlof
foam0cells.0 Asallconsequence,latheroscleroticl plaquesl (lesions)U arell formed.0 Oxidised
lipoproteinsfhavelbeenddentifiedlinfhtheroscleroticllesionslintboththnimalsthndthumans.On
additionl tol theirll rolell inll foam[ cellll formation,l oxidisedl lipoproteinsl mayll promote

atherogenesislbyl$everallbtherinechanisms.

Thellinconsistentlresultsfonlthelleffectsfoflantioxidantlsupplementationlonlcardiovascular

diseasellhavelcastlsomeldoubtslonltheloxidationlhypothesisllofllatherogenesis.IHowever,
deficiencylbflivitamin[E, [thellnostlktudied[hntioxidant, [Imaylbelhlrare[bventlinthumans,lhnd

thereforellmajorQeffectsl ofl] thellantioxidantl mightO notlbelexpected.l Also,0all particular
antioxidantlnaylbelbffectivelhgainstlbomelbxidantslhnd[bxidationinechanisms,[butlhotlfor
others.[Btill,hppropriateltlinicalltrialsthrefheededtoltestlthellmportancelbflbxidationlinlthe

pathogenesis[bflhtherosclerosisinthumans.

InltecentBearsiiariouslinethodsthavelbeenltlevelopedhndbptimisedforlthelhnalysislbflipid
oxidationlproductslfound inbivo.[lConjugated[tieneslhtlbaselinellevelhnd[F[isoprostanesthre

examples[bflindicatorsthowadayslisedforlthe[Hetermination[bfllipid[bxidationevel inllivo.
HPLChndGCloupledBwvithlifferent[HetectionlinethodsthavelbeenOvidelyllisedtolhnalyse
oxidisedlipidtructuresdnlplasma,lipoproteinsthndththeroscleroticlplaques.Onlhdditionlto
beingllhiglylsensitiveldetectionmethods,IESIIMSHandOESIIMS/MS[givelthemostldetailed

informationlbnariousinolecularfbtructuresfoundfnlbiologicall$amples.
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GlycerophospholipidsOvithketo,hydroxy,brlbpoxyltattylhcids,thnd/orltorelhldehydes,[tore
acids,[brlisoprostanesfhttachedtoltheir snRpositionthavelbeenlidentifieddnlhtherosclerotic
lesions.[OxidisedElycerophosphocholinelbtructuresBviththnlhlkyllkroupnlthe snlllposition
havelhlsolbeenltletected.[CholesterollinoleculeslésterifiedBviththydroperoxy,thydroxylbriketo
fattylhcids[brOwvithltorelhldehydesthavelbeenlidentifieddnlplasma,ldipoproteinshndlesions.
Also,[tloublelbondtonfigurationsthndl$tereochemicallbtructuresibflbxidisedfattylhcidsfound
inltholesteryllbstersthavelbeenHeteriminedlinlvariouslktudies.[Btudiestbnlthelktructuresbf
oxidised[fattylhcidlkesiduesOwithinlipidlimoleculeslkuggestlhlimajorfiroleloflhonlknzymatic
oxidationbflthelipidsfounddnlhtheroscleroticlesions.Dxidisedtholesterolbtructuresivith
hydroxy,lUketolandlepoxylgroupslinfvariouslpositionslofthelsterollmoleculelhavellbeen
identifiedlhndlhnalysed[linlplasma,lipoproteinsthndlesions.[Specificlstructurestbflbxidised
TAGl[hnolecules[presentlinltheseltissuesthndlipoproteinractionsthavelhot[beenlinvestigated
beforelthelpresentltudies.
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3AIMSIOFITHESTUDIES

ThelloveralllaimUoffthelstudieslwasltollinvestigatelthelleffectslofloxidisedldietarylfatland
flavonolslon0lipoproteinOlipidloxidation,Hand0tolstudyltheirtransferlfromldietOdtodthe
circulation.0ThellemphasisliwasOonlthelanalysisloflloxidised ITAGslbylcombiningImodern
analyticallinethods.

TheltletailedlhimsBvere:

1 toloptimiselandOapplylanfearlierlidevelopedIHPLCIMSHmethodOtodthelanalysislof
oxidised AGnoleculesfinllipoproteins.

1 tolldetermineltheleffectlofldietlonlthellevelllof inlvivollipidloxidationlinlvarious
lipoproteinslbylneasuring[thellevellbfitonjugateddlienesinlthem.

1 tolldetermineltheleffectlofldietlonlthellevellof inlvivolT AGUoxidationlinlvarious
lipoproteinsbyIl LChndHPLClnethods.

7 tolinvestigatelthelbffectlbflflavonolslbxtracteddromlealbuckthorn,thiberryltichOnlbil,
vitamin[lC,Otocopherols,Ucarotenoidslandlflavonoids,Jon0L DL oxidationdanddother
potentialltiskfactorslbflhtherosclerosis.

7 tolinvestigatelthelhbsorptionlindbioavailabilitylbfltheflavonolsivithlhndlvithoutlbil

supplementation.
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4IMATERIALSIANDIMETHODS

4 1B TUDYMESIGNSIANDIETHICALICONSIDERATIONS

4. 1.1PrelktudylT)

TwolpooledlderumbamplesftachlfromdO0BubjectslbfariouslhgesOvereltollected. DWVithltegard
toltotalltholesterollevel,[bnelbfltheliroupslgroupll ) [konsisted[bfthormolipidaemiclbubjects
(closeltolkhellowerdimitbflthelhormallrange)hndlthelbtherl{ groupR)bfthyperlipidaemic
subjects.BloodbamplesBverelbbtainedbyenipuncturelhfterfhnlbvernightlast.

4.1.2[Animalléxperiment0[{1T)

Ninelrowing[bigsl{castrated[boars)romlthree[Hifferentlittersiverelisedinlthelbtudy.(For
twollweeks,[Fhreelroupslbflthreelpigslgroupsll, R hnd[B)werelfedhtietltontainingll 4%
sunflowerleedbilfaryinglinlbxidationevels.Onlkachlgroup,therelvasbnelinimallfromltach
oftthelthreelitters.OThebilbflrouplivasthotbxidised,BwvhereasthelbilslbflroupsRhndB
wereloxidisedllinlconvectionllovenslatd60 °Cluntillthelappropriatellperoxidellvaluesliwere
reached.ThelperoxidelaluesbflthelbilsAverelhsfollows:(Eroupl,dnequiviD,/kg;group®,[B4
mequiviD,/kg;[EroupB,223hmequiviD,/kg MThelitaminlEltontentsibfthelbilsAverelisHollows:
groupll,[566[mg/kg;[broupl,M590mg/kg;[broupB,Ung/kg. OTheltlecreaselinlthelvitamin[E
levelsibflgroupsRhndBBvasltausedbylthelheatltreatments.Bloodbamplesiverelbbtainedby
venipuncturelfrom[theJugularieinthtBhndMhours timepointsdhnd @, trespectively)hfter
thellastlineal MThelbtudylplanAvasthpprovedlbyltheMestAnimallCommittee[bfIMTTAgrifood
Research[Finland.

4.1.3[AnimalléxperimentR{IIL,OV)
Twentylkix[growing[pigsl{castratedlboars)Bverellisedinlthelbtudy.[For@Bveeks,twolkroups
ofli30pigs(groupslhnd@)werefedhdietcontaining[l6% Isunflowerlkseedoillvaryingfin

oxidationllevels.0TheloilloflgroupllOwaslnotloxidisedl(peroxidelivaluellOmequivllO./kg),
whereaslthelbillbflgroup@Qvasbxidisedintonvectionbvenshtb0 °Clintillthelperoxidelralue
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of190MhequivlD./kglivaslteached.MhelitaminElkontentsbflthelbilsBverelhsollows:Eroupl,
550ng/kg;[group@,0030ng/kg.MhellecreaselinltheitaminlEdevelbfliroup@ivasltausedby
thelheatltreatment.BloodbamplesOverelbbtainedbyllenipuncturefromltheljugularfreintheB
andMh timelpointsQhnd@,[Fespectively)hfterlthellastlineal AT helbtudylplanBvasthpproved
bylthelestAnimallCommitteelbfMTTAgrifoodResearchlFinland.

4.1.4[Clinicalltrial0[{V)

Fourteenlhealthy,honlkmokinglnales[{aged35-53)Bvithhblightlyltlevatedtotalltholesterol
levelll5.3-7.2nmol/L)Bwereltecruitedforltheltandomisedloublelblindltrossoverlbtudy.(lhe
effectsloflloatmealllporridgell(portionlsizelll850g;containedpeeledlapplellandlcinnamon(as
flavorings)supplementedlwithlanlhglyconiclsealbuckthornlflavonollkextract werellstudied
againstliltontrollporridgelthatldlidhottontainltheflavonols.MTheléxtractl{0.4[g)hddedltolthe
porridgeltontainedhfotalbflY8lingtlavonollhglycones, bfivhich(b4.10nglisorhamnetin,[20.2
mglquercetinlland3.40mgllkaempferol.0FlavonolsliwerellextracteddfromOfruitdpulploflsea
buckthornliwithfhnlkthanol-waterkolution.OThelkxtractOwasOpurifiedbylkextractionlofloil
withlhexanelhndtemovallbflfugarsQvithQvater.

During[ltwolstudy[lperiodslofl4 weeks,Othelsubjectslconsumeddailylallportionfofloatmeal
porridgeBvithlbrvithoutlthelbealbuckthornflavonollbxtract. (T helbrderbflthelbtudylperiods
wasltandomised.[ThelbtudylperiodsOverelbeparatedbythBvashoutberiodbf#Oveeks.Before
andlafterlleachlstudyl period,Jafterllall12[hourlfast,0 blooddsamplesl werel collectedl by

venipuncture.

Exclusionltriterialverefhormonal,fenal (haematologicallbrlhepaticldysfunction,thlinyocardial
infarction,l] treatmentll withll lipiddoweringll orll nonlkteroidall inflammatoryll drugs,
cardiovascularlmedication,landlanlongoingllinflammatorylstatelorldisease. HEachsubject
providedhnlinformedQvrittenltonsent,thndltheylverelfreeltoltliscontinueltheirlparticipation
inlthelbtudythtlhnylpointBvithoutlbxplanation.OThelbtudylblanwvasthpprovedbylthe[Ethics
CommitteelbfltheHospitalDistrictlbflouthwestFinland.
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4.1.5[ClinicalkrialR{V)

Twentylkwolhealthy,thonlkmoking[inalesl{agedB4-59)0wereltecruitedlforlthelbtudylbnlthe
absorption[bflthelhglyconicltlavonolléxtractl{samelhslthatlhseddnltriall).OlhelbubjectsBvere
dividedlfandomlylintoltwolkroups.MDuringlbachbfltwolkeparatelvisits,hfterbvernight[fast,
thelkubjectslwerelkivenlhlkingleldoselbfbatmeallporridgell portionlksizell 850y; linflavored)
containinglkhelflavonollkxtractlgroupll:78lmglbfkotallavonols;sroupD: B9lmgbilkotal
flavonols).[Duringlbnelbfltheliisits,[kachbubjectlvasthlsolkivenBEbealbuckthornbilnixed
inlthelporridgellmeall A [F8ng[tlavonols;B,F8ng[flavonolsthndBbealbuckthornbil;[DA,
39[ngfHavonols;[2B,BoIngtlavonolsthndBlkealbuckthornlbil ).l helbilhadhlktandardised
compositionlbffhlimixturelbflkealbuckthornlkeedbilthndberrylbil. OThelbrderlbflkhelineals
(withlbrlwithoutlbil)lwaslkrandomised.OThelkubjectsliwerelhskedkolkestrainfrom[flavonoll
richlfoodslforltwolHayslprecedinglthelineals.Bloodkampleshwerelkollectedbeforelhndl, @
and@thifterlthelnealslorltheldleterminationlbflthellevelsibfflavonolsfnltirculation.

Exclusionltriteriallverelthelkamelhslinlktudyll.OThelbubjectslprovidedhnlinformedOwritten
consentlbeforelthelbtudy,thndtheylwereltreeltolHiscontinueltheirlparticipationnlthelbtudy
atlhnylpointBwithoutlbxplanation.OThelbtudyplan[{altontinuationbflthelbarlier(btudy)vas
approvedlbylthe[EthicslCommitteelbflthe[Hospital DistrictibfBouthwestFinland.

4 2[PREPARATIONIOFREFERENCEICOMPOUNDSKIIV)

ThelbubstratedT AGslforlthe[bxidation[keactionsiwerelkommerciallythvailable.Onlpreparing
referenceltompoundslrom[$ynthetic[l AGs,[thelfollowingfinethodsBverelised:MTAGlépoxides
werelobtainedlusing[Bkhloroperoxybenzoiclhcidlhslhlireagent;IT AGhydroperoxidesliwere
prepared[bylphotosensitisedlbxidationAvith[imethylenelblue;Ir AGhydroxidesiverelprepared
bylteductionfrom[torresponding[l AGlhydroperoxideslbyltriphenylphosphine;@M AGlketones
werelbbtainedbylteductionlfromltorrespondinglhydroxidesbylinanganeselllioxide;bynthetic
TAGltorelhldehydesOverelinadelbyltriphenylphosphinelteduction[bflbzonidesthndlhldehyde
hydrazonesverelpreparedlbylteactiondvith[DNPH.
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4 3[CTINICALIANALYSISI{V)

Plasmall totalll cholesterol,]l HDLIholesterol,] LDLIkholesterol,d TAGH andl glucose
concentrationswerellmeasuredby[llstandardl spectrophotometricllmethods.l] Paraoxonase
activityll wasll determinedl] usingll paraoxonll (O,0iethyldObhitrophenylphosphate)l as
substrate,ll andll measuringll thell formationll ofll 4lhitrophenoll spectrophotometrically.
Determination[bflhighlkensitivity[lCR Pltoncentrationsivaslperformedfrom(thelberumising
anllultrasensitivellimmunoassay.OPlasmallhomocysteinellevel waslanalyzedbylfluorescence
polarizationlimmunoassay.JAntioxidantlpotentiallbflkhelplasmalkamplesliwaslineasuredby
theirlpotencylinlresisting[D,2'[hzobis(2hmidinopropane)dihydrochloridell ABAP)Minduced
peroxidation[{ TRAPLmnethod).

4 4FAMPLEPREPARATION

PlasmalhndlberumBwerelbeparatedfrom[tellsibyltentrifugationl{ ,ALIV,IV).0Chylomicrons
(Svedborgllflotation >[0400)0andOVLDLO(Svedborg[iflotation020-400)0ichlfractionslwere
isolatedfrom[plasmalbylhltracentrifugation{155)[{1L,0V).. DL Bvaslprecipitatedfromerum
and[plasmalbylbufferedlheparin (156) (I,ALOV,IV).MLipidsOverelbxtractedfromlplasmalhnd
lipoproteinshsing[thloroform/methanol{2:1,bylol).

Threelpigslfromlkachbfltheltwolbroupsnlhnimallbxperiment[RBverelkilled[D-3[hourslhfter
thellasteal {IIT).[Approximately#OlémUengthlbflmalllintestinelvasltletached hthldlistance
of180-2000cmlfromOthelbeginninglloflithelsmallllintestine,theldistanceldependingllonlthe
progresslbflintestinalltontents. Ol helportionBvaslplitinlongitudinalirection.Mheltontents
werellemovedhndlthelpiecelvasrinsedBvithltepidivater.OThelbpitheliallbellsBverelscraped
offlfrom[thelintestinalBvalllhndthellipidsOverelbxtractedising[thloroform/methanoll{2:1,[by
vol).[Also,[ilbmalllportionbflhdiposeltissuelvaslletachedfromlthetheckhfterblaughter.(The
lipids(bfltheltissuelvereltxtractedisinglthloroform/methanoll{2:1,Ibyrol).
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4 5[PURIFICATIONIDFIAGSIANDITHEIRIDXIDATONIPRODUCTS

Forlfattyllacidlanalysis,[theT AGsloflichylomicronsfand VL DLO(ILOIV), ALDLI(T),Horlsmall
intestinalllnucosa[bnd[hdipose[tissue[(lll)Dwere[burifiedﬂlsing[BepDPakoEbre[backed[lsﬂica
columnsl{ Waters,[Milford,IMA,IUSA).INormallphaseTLCOwvaslhisedtolpurifylthelbxidised
TAGs[withlheptane/dilisopropyllether/aceticllacidl(60:40:4,0bylvol)lasOthelimobilelleluent
(157)[{(10V).IrAGhndtheirlbxidationfproductsiverellletectedin(JVIightlhfterl$prayinglvith
2,7Michlorofluorescein{I0V).[CorelhldehydesOverelhlsoltetectedhisinghlBchifflbaselteagent
(LAT).[FractionslkontaininglthelbxidisedIT AGUmoleculeslwerelkcrapedbfflthelplates,thnd
wereltecoveredfrom[thelkilicalpellbylbxtractionlwith[thloroform/methanoll{(2:1,tbylvol) {10
V).[IheléxtractsOverelvashedBvithistilledQvater.

4. 6[FATTYACIDICOMPOSITIONIOFITAGSIMIV)

ThelfattylacidlmethylOestersdofl TAGOwerel preparedlbylsodiummethoxideltatalyzed
transesterificationl](158).0MethyllestersOwerelldissolvedlinhexanellandlanalyzedObylGC
(PerkinlElmer[AutoSystem,INorwalk,[CT,IUSA ) MisinglhDBD3tolumn{30n “ [0.320nm0.d.,
0.25 mmlfilm[thickness;0AgilentOTechnologies,PalolAlto,0CA,JUSA).OThelinstrumentwas

equippedlvithhflamelonisation[tletector.
4 7IANALYSISIDFIOXIDISEDITAGSHIOV)

TAGslandOtheirloxidationOproductslwerellseparateddbyR PIHPLC.OInlsomellcases,lcore
aldehydesBverelbeparatedhfterlterivatisationBvithDNPH ﬂ'eagentl:(l,ﬂl).IDiscoveryolHS (€18
columnl{2500nm * #.60nm{.d.;[Bupelcolinc.,Bellefonte,[PA,DUSA )Bvasliseddnlthelbystem.
ThelbolumnlwasklutedhtD.85MnL/minthndhlinearlradientBvasised:[20%MRObropanolin
methanolBvaslthangedto[B0%ROpropanoldnR00nin. A helfinalltompositionBwvastheldfor(10
min.[EightyltivelpercentlofltheleffluentlwaslledltolalSedex0750(S.E.D.E.R.E. DAlfortville,
France)levaporativellightlscatteringldetectorl{ ELSD)OthroughlhlShimadzull(Kyoto,Japan)
SPDILAVIOUV/VISldetectorlthatlwaslusedlforlthelanalysislofIDNPHOderivativeslofllcore
aldehydes.[FifteenlpercentloflitheleffluentlwaslledltolalFinniganOMATUOTSQM700Mtriple
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quadrupolelinassspectrometerl Finnigan,[SanJose,ICA,JUSA) kquippedlwithlhhebulizer(]
assistedlelectrosprayllinterface.0FulllkcanIMS0spectrall(m/z0450-1100)0werelcollectedlin
positivellionisationImode.ONegativelion[fulllkcanUspectrall(m/z0600-1200)werelcollected
when[DNPHI[HerivativesOverelhnalysed[{I,AT).OThelblectrospraylioltagesfisedOverelk4.5kV
and[i.5kVHorfpositivelhndthegativellons,Fespectively.

4 8ETERMINATIONIOFIIPIDIDXIDATIONILEVEL

Forlkthelkestimationlof inlbivollipidloxidationby[thelbaselinellevellbfldienellconjugationlin
plasmalhindfipoproteins,[txtractedlipids[bflplasmal{1L,0V),[thylomicrons{II,AV),IVLDLITI,
IV)brl DLUIOV)Overeltlissolvedln[tyclohexanelhndlhnalysedlbpectrophotometricallytht[2 34
nml{122).Mhelproportionslbflbxidised AGmoleculeslinltheltotallipidsibfllipoproteinsivere
estimatedbyllHPL Cllusing[khellconditionsOdescribedlhbove( IT,0IV).OT hellestimationslwere
basedlbnlkhe[ELSDkhromatogramsbflthelIHPLClkunslinlwhichlhn[internallktandardlwas

used.
4 9[ANALYSIS EDF[FLAVONOL[ABSORPTION[(V)

Tolldeterminell plasmalllevelsl ofll quercetin,l kaempferolll andlisorhamnetin,l thell flavonol
conjugatespresentlinlbloodbamplesBverelhydrolysedbylncubatinglplasmaltorl7thhe 37 °C
withlalcrudeenzymellpreparationllfrom HelixOpomatialcontaining blklucuronidaselland

sulfatasellactivityll(159).0Afterllincubation,IBondElutlC180soliddphaselextractionllcolumns
(Varian[Inc.,0PalolAlto,lCA),Owasllusedltolseparatellthelflavonols.0 Thellsampleslwere

immediatelylfrozenlhndl$toredin(lrO °C.

ThellflavonolsliwerelhnalysedbyIHPLCliwithlfluorescencelldetection,wherellAl(NOs);[was
usedbhsthlthelatinglhgent[{160).0rhelbampleBvas[riedhnd[Hissolvedlinlinethanollwater({(1:1,

byl:ifol),Dmdl:bvasﬁnjec:ted|])ntoI:Phenomenexl]?rodigyoI:DDSI:Bu[(B)[J:olumnl:O’50D< [#.600nm, b
pm;OTorrance,0CA,JUSA)lusinglhcetonitrile/0.0250Mphosphatelbufferl{ pHIR.4),131:69 by
vol)lhslthelmobilelphaselhtthflowltatelbfllnl /min. O heltolumnBvaslplacedlnthitolumnlbven

setlht[BO °C.[OrheltolumnleffluentBvasinixedBvith[D.40nl/min0.5IMIAI(NO;); Onlinethanol
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containing[¥.2%0bylrol)heeticlhcidinlhpostcolumnlieactorlplacedinltheltolumnlbven.rhe
reactorlconsistedloflall5Om0(0.250mmlinternalldiameter)Teflonltubinglconnectedrolithe
HPLCltolumn.Thelfluorescencelbflthelflavonollinetallbomplexesiverelneasuredht#85hm
usingthlBhimadzulRFIB30[{ShimadzulCorporation,[Kyoto,Japan)HuorescenceltletectorBvith
anlbxcitationlwvavelengthlketlhttH22hm.Areaslinderltheltoncentrationkimelturve[{AUC)
wereltalculated[isingltheltrapezoidalltule.[Areasflinderlbaselineltoncentrationlevelslivere

ignored.

4 10BTATISTICALIANALYSIS

AlllbtatisticallhnalysesOwvereltarriedbutBvith[FPSS0.0thnd[BPPSO2.0forWindows[{ SPSS,
Chicago,0T,0USA).Mifferencesbf[P <[D.050vereltonsideredbtatisticallylbignificant.[Normal
distribution[bflthellatalvasltestedBvith[EhapiroDWilk’s[test.

Thell comparisonl] ofll BDCI valuesll andl fattyll acidll compositionsl wasl carriedl outl with
independentlkamplesttestthndIMannWhitneyU[kest[{ L,ILOV),[briwithlthelhnalysistbf
variancelind[KruskalOWallis[test[{IT).

Inltheltlinicallbtudiesl{V),hnalysisbffariancelortepeatediineasuresthndFriedmanltestBvere
usedltoltomparelthe[yalueslbfllifferentlparametersibetweenlifferenttimelpoints. M lrestsHor
independentlhndlpairedbamplesthsOvelllhsltorrespondingfhonparametricltestsiverellisedto
comparell individualll pairs[] betweenl groupsll andl timell points.l] Appropriatell Bonferroni

correctionsivereised.
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5RESULTSIANDIDISCUSSION

ThelthesislisObasedlonlfiveloriginalOpapers.OPaperlI describeslthelapplicationloflJlalnew
approachlbasedlonHPLCIESIIMSOandIBDCOmethodsltolthelanalysisloflloxidised0TAG
molecularstructuresland inllvivollipidJoxidationOlevellinOlipoproteins.0LDLOsamplesdof
normolipidaemiclindhyperlidaemiclbubjectsQveresednlthelbtudy.Mhelhpproachfvashsed
inlhlllthellaterOstudies.OnOpapers IT and IVIconjugateddienes,0TAGloxidationllevellland
oxidisedM AG[bpeciesfoundlinlthylomicronsthndWVLDIL OQverelstudiedinlpigsthfterhltlietFich
inlbitherfhonfbxidised[brlbxidisedbunflowerlbeedbil.Paper IT[Hescribeslthelbffectsbflthe
dietarylbilslbnlthelbxidisedM AG[$tructuresfoundnlthel$malllintestinallmucosalbflpigs.

Inlpaper Vithelbffects[bflflavonolslbxtractedlfrom[bealbuckthornlbnd DLipidlbxidationthnd
otherlpotentialFisk[factors[bfththerosclerosisBverelstudiedlinthumans.OT helflavonollbxtract
usedlvaslhglyconic.[Also,thelibsorptionbflthelflavonollhglyconesBvaslinvestigatedbylHPLC

afterlthelhydrolysislbflllavonolltonjugateslformedlinilivolbacktolhglycones.

5.1IANALYSISIOFIIPIDIDXIDATIONIANDIDXIDISEDITAGSONIIPOPROTEINS

5.1.1[Prelktudy[{T)

ThelvaliditylforlthepresentDHPLClcolumn andlgradientOprogramUoffithelelutionlfactors
determined(by[Bjovalllbtlhl.[(52) wasltestedOwithOT AGs[bflifferentlinolecularbpeciesfhnd
withlcorellaldehyde,0hydroperoxide,lhydroxidellandlepoxidelreferencellcompounds.0The
retentionltimeslbbtainedlbylthelpresenttHPLCltolumnQverelongerthanlthoselbfltheltolumn
usedbylSjovallletlal. OforlithelanalysislofOsynthesisedlipidst(52).0Thislistwhy(thellinear
gradientlwaslchangedfrom[theloriginal BOIminuteslto200minutes.IHowever,lthelelution
factorsltouldbelhppliedtolthelpresentltolumnlisfbuch.

Differencesliwerelfoundlbetweenlkhelbxidationlevelsbflthelkamples. OThe(LDLIBDCvalue
wasl122.2 mmol/LUserumMinlthelnormolipidaemiclgroup,land88.1 mmol/LOserumMinlthe

hyperlipidaemiclroup.dThellnolarfpbroportionbfltonjugatedtlienesdnlthe DI Uipidsbflthe
hyperlipidaemiclgroupliwasll.7ltimeslhigherlthanlinfthedL DLOlipidsOoffinormolipidaemic
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group.Differencesfinldlietarythabitslbetweenlthelgroupsthnd,[tonsequently,Hifferenceslinlthe
contribution[bflHiettolbxidativelbtressinthelbodylnaylpartlyltxplainlthe[phenomenon.rhe
amountsloflloxidisedlTAGOmoleculeslldetecteddwerelsmall. JHowever,lseverallspecieslof
oxidisedITAGslwerellidentified.OThesellincluded0T AGmoleculesOwithlallketolorfanlepoxy
grouplhttachedltolhfattylhcid,hndf AGInoleculesBviththfattylhcidltorelhldehyde. INolinajor
differenceslwerefoundlbetweenlthelbxidationproductslbflthelbamples.Onbomedl AGs[bf52
acylllcarbons,[thellketo/epoxylratiolwaslgreaterllinlthellhyperlipidaemiclgrouplthanlinlthe
normolipidaemiclroup.MNothydroperoxidesBwerelfoundlinlthe[T AG.OThislisburprising, [but
infhccordancelwithlthelhypothesislthatlonlylkraceslofllunmodifiedlhydroperoxylipidslhre
foundfnltissuelhndlbloodbamples[{161).

Theloxidised[ktructureswerelfoundbylkxtractingllpeaksloflalspecific m/zlivaluelfromIMS
chromatograms.0Onlyl[M+Na] TionsOwerelformeddfromthelmoleculeslotherlthanDIDNPH
derivatives [whichwere[HetectedlhsMIH] Wons OfthelretentionftimeForfilbeakbflhn m/z
valuelbuggestedlhltertainltypelbflbxidationlproductthndhlparticularfattylhcidlbomposition,
andlhfhomologouslerieslbfionsivasfoundnlthelthromatogram,[thisBvasltegardedlhslbtrong
evidencelloffhlspecificlmolecularlstructure. Mitlwaslestimatedthat, on[hverage, tatmost0
ng/mLIbfthonlvolatilelbxidationlproductsbfll. DLOTAGIbccurredinthelberumlbflthelbubjects.
Thellresultslkhowed[thatltheIHPLCIESIIMS[imethodl[isthpplicablelkolthelkesearchbfITAG

oxidationinflipoproteins.
5.1.2[Animalléxperiments{IL,OV)

TAGsl[beeml[tolhavelhltontribution[bflhlmostB0%tolthelHieneltonjugationbfll DLI{Ahotupa
M. land@Viikari,0J.,Junpublishedlresults),lalllipoproteinlclassficontainingllconsiderablylless
TAG[thanlkhylomicronsthndIVLDL. 0T hus,bxidisedITAGOmoleculeswouldlbelkxpectedko
havell all majorl contributionl tol thell totall lipid[ oxidationl ofl lipoproteins,U particularly
chylomicronstandOVLDL.OThe0TAGmolecularstructuresldescribedbelowldolnotddenote

regioisomers.

Infhnimallkbxperimentl{IT),thelipoproteinlipidbxidationdevellkeemedkolbelhigherlhnd
chylomicronlTAGslseemedUtolbelimoreloxidisedlinftheOpigstfedlonlthelmostloxidisedloil
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(peroxidellvalue:[223Mmequivl0./kg)tomparedtolthoselfedbnlhonbxidisedbil dinlhnimal
experiment[R(TV),Mipoproteinlipidloxidationllevelwaslrypicallylhigherlandlipoprotein
TAGswerelinorelbxidisedlinlthelpigsfedbnlthelbxidisedbill peroxidelvalue:ll900mequiv
Oy/kg)Ugroupll)tomparedBwvithlthoselfedbnlthelhonlbxidisedbill{ groupll).Mlherelbeemed
tolbellessltonjugatedtienesinlthelVL DL [ractionbfliroupl®,butlkstimatedbroportionslbf
oxidizeddTAG[noleculesnltheltotallipidsbflbothlthylomicronsthndINVLDLOwerelhigherlin
groupR.Onltheltaselbflthylomicrons,thelHifferencelivasltonsiderable.Otlisthoteworthylthat
in[bothhnimallbxperiments{(1I,0V),Hueltollegradationluringlheattreatment,[thelbxidised
testlbilsltontainedlessitamin[Elthanlthefhonlbxidisedbils,Fesultingnlowerltotalyitamin
Eltontentlnlthelfeedltontaining[thelbxidisedbilsltomparedtolthelfeedtontaininglthelthonl
oxidisedloill(inlcaseloflanimalllexperimentl2,0177 vs.02490mg/kgllfeedlinlgroupsi2andl,
respectively).Olhisdnaylbxplainbome, butthotlhll [bffthe[HifferencesAnlipidlbxidationlevels

betweenifferentlgroups.

Inlbothlkstudies(IL,OIV),HattylhcidDcompositionsloflkhe 0T AGsloflkchylomicronsfand VL DL
reflectedltolhllargeltlegreelthelfattylhcidltompositionsibfltheltestlbils. dnlVLDLOTAG,08:3nlb
(dinoleniclacid)dwaslpresentlindnotabledamounts,0whichllindicatedlincorporationll of
endogenous glinoleniclhcidlintolVLDL.[BeverallbxidiseddT AG[tructureswerelfoundlinlthe
chylomicronandOVLDL0Osamples.0Theselproductslconsisteddofl TAGOmoleculeslwithla
hydroxy,thnlkpoxylbrlhlketolgrouplhttachedtohfattylhcid, indbfT AGHnolecules[tontaining
anllaldehydelstructurelderivedlfrom[alfattylacid.OTypically,Otheloxidationlproductswere
formedromOTrAGOwithJACN:DB[{acyllkarbonllhumer:numberlbfldoublelbonds)[52:2,[52:3,
52:4,064:3,[64:4,[64:5hndb4:6. Mostbflthelbxidisedbtructuresiverelfounddnlhllbamplesht
bothltimelpoints.OTypically,ITAGOnoleculesbwith[bxidativelnodificationlin[bnlylbne[bflthe
fattylhcidsBvereldletected.

Inlanimallexperimentd20(IV),0TAG[corelaldehydeslOwerellidentifiedJasOsuch,InotIDNPH
derivatives.Thelhldehydic[[MB INa| HonsBverelbbservedtolbelpartlyltransformedtol M3 Na
+[B2] hdductOonslnburlonkource,[possiblylindicating[formationbflhemiacetal structures
within[lthelinolecules[{Sjovall,[D.,[personalltommunication).dChelphenomenonthelpednlthe
detectionfindldentification[bfltheltorelhldehydes.
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InlAnimalléxperimentl[{IT),khelpeaksfepresentinglthell AGlketones[bflthylomicronslhttime
pointlbeemedtolbelklightlylbtrongernlthelpigstedbnlthelinostlbxidisedbilltomparedto
thel otherl groups.l Inl] animall experimentl 20 (IV),U thel peaksl representingll thell TAG
hydroxides/epoxides/ketones[bflb4[brb6lheylltarbonsthndthelpeaksltepresentingthe[TAG
corelhldehydes[bft450carbonslwithhlhydroxy/epoxy/ketollgrouplhttachedlrolthellmolecule
werelktrongerlinlbroupRtomparedtolsroupll. LAnlkxceptionwaslthelionlrepresenting[the
structurelll8:200H/18:1/18:10(postulated),0whichliwasOstrongerlinOgroupll. OThellratioloflithe
structurel]18:20 keto/18:2/18:20 (ACN:DBI 54:6)0 tol thell structuresl 18:20 keto/18:2/18:1+18:1
keto/18:2/18:2ACN:DBI[b4:5)BeemedtolbethigherlinlgroupRtomparedtolgroupl.

Virtuallyllno0TAGlhydroperoxideslcouldbelldetectedleitherllinfithelchylomicronlorDVLDL
samplestI1,0 V). hisOsOnltontrastBviththelbxidisedtestlbils,Bvherellnonohydroperoxides
werelthellnajorlklassbflbxidizedIT AGs.nltheltestlbils,inonohydroperoxidesiwerelformed
fromrAGBvithIACN:DB[52:2,[52:3,[52:4,54:3,[64:4,64:5hnd[b4:6[{like[mostbfthelbxidised
TAGl[moleculeslinlthelipoproteinlkamples).0ThelhydroperoxyIT AGlmoleculeslwerelpartly
fragmentedlinlthelionlbourcel{ cleavagelbflH,0),lwhichlhelpeddnlthelidentification[bflkuch
molecules.ThelproductlformedltouldbelhlketonelbrlinlbpoxidelvithouthlossbthnylHouble
bonds.INeftlhndByrdwell[{162)Hiscoveredthatlinlhtmosphericlpressurelthemicallonization
(APCI)lon[bource, MTAGhydroperoxidesformed[tpoxideslbylosslbflthelbuterMOHFromlthe
hydroperoxylgroup,followedbyltyclisation[bflthefemaining[bxygen. Ml hislteactionnaylhlso
haveltaken[placeAnburlESIbource.MThelpossibilitylthatbomeltlecompositionlbtthydroperoxy
structureshadloccurredlduringlsamplelpreparationfeannotbellexcluded. IHowever, linlithe
presentl] studies,ll TAGI hydroperoxidesl] hadll beenl relativelyll stablell duringll extraction
procedures,(IILC,indHPLCltuns.

Lipoproteinslrichlin0TAGkeem[kolbelimportantlfactorslinfthelinductionlbffhtherogenesis
(163),Bvhichtouldhtleastlpartlybelkxplainedbylbxidised M AGnolecules. MTheltesultsbflthe
animallexperimentsl(IL,0IV)Oshow(lthatOtheloxidationlofldietarylfatOwaslreflectedlinlthe
lipoproteinloxidation.OThus,[itOseemslthatOtheloxidised0TAGslarelabsorbedlinfthellsmall
intestinelhnd/orltheylinitiatelh[tascadelbflbubsequentlbxidationteactionslthatltesultlinlthe
increased[bxidation[bfllipoproteinsthndltheir AGnolecules.
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5 2[ANALYSISIDFITAGIOXIDATIONONBMALLOINTESTINALIMUCOSANIIT)

ThelTAGsoflthellmucosallsamples(irepresentedlimainlylithellreassembledmoleculesformed
insidelthelkpitheliallkells.IMinorlhmountsbflthe [T AGslinaylhlsolhavelbriginatedfromlkhe
luminallbidelbfftheltells [fepresentinglinoleculesthotbrokenllown[bylEastricthndlpancreatic
lipases,[hndhotHetachedbyltinsing OThedT AGattylhcid[tompositionslieflectedtolharge
degreelthoselbfltheltlietarylbunflowerlbeed(bils. O heltesultsthlsolindicatedhnlffectbfltestlbil
autoxidationlbn[thel AGHattylhcidltompositionlbflhdiposeltissue.Onlthelpigsedibnlbxidised
sunflowerlseedloill(groupl2),ObutlnotlinlthelpigstfedDonnonlbxidisedDoill(groupll ),Othe
relativellamountloflimucosalllinoleiclacid(18:2nlb) Oseemedtolbellowerllcomparedtolithe

correspondingftestlbil.

Inlkhelbxidisedkestlbil ITAGOmonohydroperoxideslwerelthelinajorlklassbflbxidisedITAG.
Monohydroperoxides[HetectedliwerelformedfromOr AGOvithTACN:DB[52:2,052:3,[52:4,[54:3,
54:4,[64:5hnd[b4:6.[Dihydroperoxidesiverelformedfromr AGOvithIACN:DBIb2:4,[54:6hnd
54:5.[However,[theseT AG[hydroperoxideshwerelhotlHetectedAnlthellnucosalbrlthelhdipose
tissuelbamples, [heitherthslbuchthorlhsthitombination[bfthydroperoxylhndlbxo/epoxylgroups.
ThisOndicatesthnthbsencelbflthesellnoleculesnltheltissueTAGlbrlhltonsiderableltlecreaselin
thellevellbflthemltomparedtolthelbxidizedbunflowerlbeedlbil OTakenlthelkensitivitylbflthe
instrumentationdntoltonsideration,thelllecreaseBvaslestimatedfolbelhtleast[BO%On[taselbf
monohydroperoxides.ll Thell systeml wasll notll optimisedl forll thell analysisll ofll TAG
trihydroperoxideshndlbtherlquallylpolarl AGlbxidationlproducts.

TAGlhydroxides,ketonesthnd[bpoxidesOverelHetecteddnltheltissuelbampleslbflbothlbroups.
NoltorelhldehydeslwerelHetected.[SamelbxidisedIT AGmolecularlbpecieslwereHetectedlin
bothlgroups.Otsinterestinglthat AGlhydroxides,[ketoneshndkpoxidesiverelhlsoltetected
inbothlthelhonlbxidisedhndlbxidisedtestlbils,[hlthoughlbnlyliraceslbflhydroperoxidesivere
observedlnlthefhonlbxidised[bil. Mhesellindingslindicatethatlburlinethod[bensitivelyltetects
thel$econdarylbxidationlproductsbfl AG[presentlinllifferentnatrices.

ThelresultsOsuggestlanleffectivelldegradationlofhydroperoxideslbeforelland/orduringlithe
reassembly[bfll AGInoleculesdnlthelbpithelialltellslbflkmalllintestinallnucosa. M helfindings
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arellindlinelwithOthelresultsloflKanazawaletal. (98,099),0whichUshowedlallveryllimited

transportlbflhydroperoxidesfintoldmalllntestine.

53.BTUDIESIDNSEABUCKTHORNIFLAVONOLSIANDITHEIR[EFFECTSI{V)

Inlirecentllyears,[hhumberbflhewlpotentiallkisk[factorslbrlinarkersthave[beenlproposedlhs
predictors[bflhtherosclerosisthndtsltomplications.[Clkeactivelproteinl{ CRP)lslhltirculating
acutelphaselteactantthatAslincreasednanylfoldluringltheAnflammatoryltesponseltoltissue
injurylbrlinfectionl(164).0An[kvolvinglbodybflivorkksuggestslkhatlkvenlkmalllincreaseslin
CRPQOvithinlthethormalltangelhrelpredictivelbflfuturelrascularlbvents[{165).[Homocysteinells
alhighlylteactivelhminolhcidlformedbhsthbylproductlbflthelinetabolismlbfltheltssentialthmino
acidmethioninell(166). Numerouslobservationallstudieslhavellreportedlonlithellassociation
betweenllhomocysteinelllevelsllandvascularllrisk(165).0Paraoxonasellislanlantioxidative
enzymelthatlhas[hfroleinltemovinglbxidisedipidsfromI DLndHDL.Btudies[buggestlthat
lowlparaoxonaselhctivityslhltiskfactorlbfltardiovascularlliseasel{167).0nltlinicalltriald,[the
porridgellwithlthellseallbuckthornlflavonollextractddidOnotOhavelcleareffectsdonlthese
parameters,Inorlon0LDLIBDClvalues.0However,IHDL[cholesterollwaslslightlylldecreased
duringftheltontrollperiod.0TherelkeemslkolhavelbeenlhlininorHecreaselinltotallkholesterol
levellhsQvelllluringbothlperiods,[hlthoughlthisltlecreaselvasthotlbignificant.

In[hllGubjects,komelbxidisedTAGmoleculesbflb0Mndb2heyllkarbonswereetectedlin
LDLafterlbothlstudylperiods.0Thellmoleculeswerellobservedtolcontainlketolandlepoxy
structureslinltheirfattythcidliesidues.IHowever,[thelktonsumption[bfltestlnealsHuringlthe
studylperiodsfididhotlhavelklearfkffectslbnlithelproportionlbflktheselstructureslinlthelLDL
totallipids.

ThelHavonoids[inlkealbuckthornlfruitlpulplhrelmainlyltlavonols,bflwhichlisorhamnetin(is
typicallylfoundlinlargestthmountsl( Figurell5).0Quercetinllisthlsolpresent,laslwelllaslkmall
amountslofllkaempferol. Oinfthelberries,flavonolslarelpresentlmainlylhaslglycosides.Oinlthe
body,[Havonols[forml[konjugatesliwithslucuroniclhcidlandsulfatel(168).OinlklinicallkrialD,
theselkonjugateswerelhydrolysed[inlorderlkolkimplifylthellhnalysisloflflavonolthbsorption.
Plasmalflavonolltoncentrationsiverelbstimated[byllisinglbtandardtompounds,vhichOvent
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throughlthelfamelbamplelpreparationlprocedureslhslthelplasmalamples.Thelflavonolsthdded
tolporridge, [bothlwiththndBwvithoutlhddedbealbuckthornbil Ancreasedthelplasmallevelstbf
isorhamnetinlandkaempferolOwithObothdosesloflthelflavonollextractl(780or0390mglof
flavonols).Mheltosesbfltotalllavonolsthrethotbeyondlthellevelslthattouldbelbbtainedfrom
normallllietlthatlncludes(t.g.[flavonollkichberries[brruits.

Quercetin Tamarixetin

Figure[b. Molecularltructures[bfliomeflavonollhglycones.

AlthoughltheltrendlwaslsimilarQafterfalllmeals,0thellincreaselindthelplasmallquercetin
concentrationBvaslbnlylbignificantlhfterlineal@B.Mheltelativelythighlbtandard[Heviationsfhnd
hencellsomewhatlpoorlprecisionllwerellnotlcausedbyllHPLClseparationlorfluorescense
detection,butlratherlbylbamplelpreparationlbteps.[However,thelresultsltlearlyllemonstrate
thell absorptionl ofll thell flavonoll aglycones.l] Thell plasmall concentrationsl ofl] quercetin,
kaempferol,thndlisorhamnetinlpeaked[hlhfterlthelineal (hndlktartedFoltecreaselhfterlthat.
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Thislindicates[hbsorptionlfromthelupperlduodenumbhndlperhapslkvenlfromlkhelktomach.
AUCvaluesllwerellcalculated,JandObothOwithOandOwithoutaddedOsealbuckthornloil,Othe
resultsbhowedbignificantly[{ P <[0.05)higherlplasmallevelslbflkaempferollhnddsorhamnetin,
whenlhlhigherldoselbfltheltxtractBvasised.

Somell ofll thellisorhamnetinlfoundUin thell plasmallmayllhavell originatedl from{ quercetin
methylatedhfterfhbsorptionl{3 inethylation)[{169).0heltegreelbfB ImethylationAnthumans
comparedlrolH4 lmethylation[isthotlknown.0However,[itlseemslthatlimostloflthelquercetin
remainsl] unmethylatedl (10,0168,0170).0 Thel HPLCO methodl usedl doesl notl efficiently
differentiatell] betweenll isorhamnetinll (3"lmethylquercetin)ll andll tamarixetinll (40
methylquercetin).lhus,bomeltamarixetinformedromlfuercetinthfterfhbsorptionfinaythave

elutedlhlongfvithsorhamnetin.

Thelhdditionloffhsmalllhmountl(30g) Doflseallbuckthornloillseemedtolhavelenhancedlthe
absorptionlhnd[bioavailability[{determinedthstAUC)[bflflavonolsAnfthelyrouplvithhlhigher
amount[bf[Hietaryltlavonols.OThislis[inthccordancelwiththelbtudylbfLesserlktlhl. (169),0n
whichUhigher(lfatllconcentrationl(17% vs.03%U0inltheldiet)dincreasedthelbioavailabilitylof
quercetin.0With[thellowerldoseloflflavonollextract,lthellincreasellwasnotlUshownlinlthe

presentlbtudy.
Thellesultsliivelinterestingthewlnformation[bnlthelhbsorption[bf[Hifferentlflavonolltlasses.

Thelhbsorption[bflkaempferolthndisorhamnetinlhglycones,lavonolsiivhoselhbsorptionfhnd
bioavailabilityfhavethotlbeenlbtudiedBvidely,vasltlearlylbhown.

53



6[CONCLUSIONS

Duringlthellastlfewlyears,Ivariousnethodsthavelbeenlbptimisedlhndhppliedtolthelhnalysis
oflipidlbxidationlbroducts inhivo,landnformationlbnlthellnolecularlbtructures[bflbxidised
lipidsOinlplasma,dlipoproteinsandlatheroscleroticlplaqueslhaslstarteddtollaccumulate.
Methods[basedbn[HPLCOESIIMShnd[HPLCIOESIIMS/MSlhavelbeenlparticularlyimportant
inlthelfield[bflbtructuralltesearch.lAlthoughl'AGslhrefhlinajorflipidltlassinlipoproteins,the
analysis[bflbxidisedM AG[btructuresfinlthelparticlesthasbeenlheglected.

Inlthelpresentlstudies,lalnovellanalyticallapproachlbaseddon0HPLCIESIIMSHandOBDC
methodsBvasthppliedtolthelhnalysislbfllipoproteinlipids.dhelbtructurallhnalysislbflbxidised
TAG[noleculesfoundlnlthylomicrons,IVLDLnd[ DL Oslteportedforlthelfirstltime.Various
oxidiseddTAGUstructureslwithhydroxy,keto,lepoxyloraldehydiclgroupsliwerellfoundlin
lipoproteinsthndbmalllntestinallinucosa.(lhelbxidationlevels[bfllipoproteinlipidsthndtheir
TAG[holeculesBverelshownltolbelincreasedbylbxidiseddietarylbil.

Dietary[tlavonolsléxtractedlfromlbealbuckthornlidhotlhffectl DLOipid[bxidation,butltheir
absorptionl] wasll clearlyll demonstratedl inll thell studies.ll Gastrointestinalll absorptionl of
isorhamnetinllisfreportedlforlithelfirstOtime.0Thelresultslalsollsuggestlthatthelamountlof
ingestedlfatlhffects[thelbioavailabilitylbflthelflavonols.[Dietthasthnimportantltontributionlto
oxidativelktresslinlthelbody,lhnd[Hietaryltomponentslinteractlwithlbach[btherlbothlbefore
andlafterlabsorptionlinlithellgastrointestinalltract.0InlorderOtolfullylbenefitdfromldietary
componentsl withl antioxidantl activity,l theyll shouldl bell ingestedl simultaneouslyll with
oxidisablellcomponentsl(e.g.Ofats)lthatlarelalreadylloxidisedtolsomelldegreellordprone(ito
oxidationlinlthelbody.

ThelpresentltesultslbncouragelturtherltesearchlbnlthelphysiologicallbonsequenceslbflHietary
fatlbxidation(hndthntioxidantlbupplementation,lhsBwvelllhsHetailedktudieslbnlthelbffectsbf
oxidiseddietaryllipidsonllipidlmolecularlstructureslfoundlinlvariousUlipoproteinsland

tissues.
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